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SUMMARY 


The  major  accomplishments  during  1965  were: 

1.  Design  and  performance  of  model  scale  concrete 
slab  tests. 

2.  Design  and  performance  of  model  scale  t  •jsts. 

3.  Design  of  Modified  Phase  C-13  Cubicle  Test. 

4.  Other  investigations  designed  to  develop  information 
for  weapon  storage  and  wall  design  data. 

The  primary  purpose  of  the  slab  test  was  to: 

1.  Establish  the  explosive  quantity  range  for  reinforced 
concrete . 

2.  Establish  the  magnitude  of  multiple  reflections  of  the 
blast  loads  which  occur  in  a  cubicle  type  structure. 

3.  Establish  the  validity  of  scaling. 

A  total  of  66  slab  tests  was  performed  --  47  on  a  1/3  scale  and 
19  on  a  1/10  scale  --  in  1965.  Either  strengthened  slabs  or  composite 
slabs  (concrete-sand-concretr )  u  re  used  having  a  thickness  ranging 
from  one  to  five  feet  (full  scale  equivalent).  The  explosives  were 
cylindrical  Composition  B  charges  ranging  in  weight  from  270  to 
2,160  lbs.  (full  scale  equivalent). 

The  tests  indicated  that  an  increase  of  flexural  reinforcement 
fully  developed  by  shear  reinforcement  significantly  increased 
the  resistance  of  concrete  to  blast  loads.  Further,  it  showed  that 
sandwich  type  construction  appeared  to  be  an  improvement  over 
conventional  concrete  construction  --  particularly  in  areas  where 
large  charges  were  used  and  where  the  prevention  of  spalling 
was  an  imporcant  factor.  It  also  shewed  that  the  presence  of  side 
walls  (simulating  cubicle  type  construction)  significantly  increased 
the  blast  loads  acting  on  a  wall  because  of  reflections.  Finally, 
it  indicated  the  similarity  of  damage  between  the  1/10  scale  and 
the  corresponding  1/3  scale  slab  tests.  The  validity  of  scaling 
was  demonstrated  for  the  range  of  charge  weights  and  configurations 
tested . 
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The  purpose  of  the  Bay  Scaling  Tests  was  to  evaluate  the  explosive 
capacity  of  a  prototype  bay  structure  designed  to  withstand  the  blast 
effects  of  2,000  lbs.  of  high  explosives  (HE)  and  to  establish  the  scaling 
factors  that  will  relate  the  test  results  of  a  given  sc^le  model  structure 
to  results  of  a  full-scale  structure  (prototype). 

The  full-scale  prototype  bay  (40  feet  lor;,  20  feet  deep  and  10 
feet  high)  comprised  a  floor  slab,  a  back  wall  and  two  side  wa  1s. 

Each  wall  was  of  sandwich  type  with  an  overall  thickness  of  el/,  t  feet 
(two  feet  concrete,  four  feet  sand  and  two  feet  concrete).  Tb  bay 
dimensions  and  the  reinforcement  were  scaled  in  accordance  ’  the 
geometric  scaling  laws  discussed  in  Reference  1. 

Tests  were  performed  on  1/10,  1/8,  1/5  and  1/3  scale  models. 

For  1/3  and  1/5  scale  tests,  strain  and  deflection  gages  were  used 
to  record  the  mechanism  of  dynamic  wall  response  (strain  and  deflection 
time  history)  under  shock  loading.  The  explosive  load  (bare  spheres) 
ranged  from  2,000  to  7,500  lbs.  full-scale  equivalent. 

Test  results  clearly  demonstrated  the  validity  of  scaling  in  all 
tests  with  comparable  equivalent  charge  weights .  The  structure  with¬ 
stood  the  2,000  lbs.  equivalent  charge  and  it  was  shown  that  it  could 
withstand  a  much  heavier  load  than  2,000  lbs.  before  it  reached  the 
incipient  fa\lure  condition. 

A  modified  1/3  scale  version  of  C-13  cubicle  (Reference  11)  was 
designed  to  demonstrate  the  use  of  a  new  design  and  construction 
techniques  developed  in  component  testing  for  highly  reinforced  concrete 
and  sandwich  type  cubicle  storage  facility. 

A  steel  protective  cylinder  test  was  run  to  provide  qualitative 
information  on  possible  improvement  of  storage  cubicles  by  the  addition 
of  a  steel  cylinder  in  the  cubicle.  The  results  were  negative. 

Fourteen  additional  full-scale  weapon-to-weapon  propagation  tests 
were  conducted  to  evaluate  the  compartment ing  of  earth-covered  igloos 
to  prevent  propagation  between  weapons  in  storage  using  mock-up  weapons. 

Under  Picatinny  Arsenal fs  technical  supervision,  work  was  initiated 
on  investigation  of  various  materials  for  attenuation  of  HE  blast 
effects.  This  phase  of  the  overall  program  is  being  done  by  the  Office 
of  true  Chief  of  Engineers  Waterways  Experimental  Station,  Jackson, 
Mississ:^  pi . 
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Work  began  on  developing  design  procedures  for  reinforced  concrete 
structures  utilized  in  explosive  storage  and  manufacturing  facilities. 

New  impulse  curves  in  the  cubicle  type  structures  were  developed 
based  in  addition  to  theoretical  studies  --  on  slab  test  results, 
and  confirmed  by  impulse  tests  conducted,  at  U.  £.  Naval  Weapons 
Laboratory  (NWL) ,  Dahlgren,  Virginia, 

Work  was  initiated  to  determine,  experimentally,  the  sensitivity 
of  explosive  warheads  when  subjected  to  multiple  blast  over-pressures. 

An  outline  of  the  overall  program  is  in  Figure  1  and  Tables  1-9. 


SUMMARY  OF  WALL  RESPONSE  TEST  PROGRAM 
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"Weapon- to-Weapon  different  weapons  used  in  the  ,rWcapon-  Weapon  tests  sc 

Propagation  Test"  to-Weapon  Propagation  Tests'*  to  blast  1st  Qtr  FY67. 

configuration  overpressure. 


SECTION  1 


SCALED  SLAB  TESTS 
INTRODUCTION 

The  slab  test  series  were  initiated  to  provide  as  economically 
as  possible  information  cn  structural  response  of  reinforced  concrete 
and  composite  dividing  walls.  Several  test  series  were  performed 
prior  to  December  1964  for  the  initial  assessment  of  the  explosive 
quantity  range  characteristics  of  concrete  and  composite  slabs,  and 
for  development  of  a  method  of  accurately  measuring  the  structural 
response  of  model  slabs  in  terms  of  fragment  velocities.  A  total 
of  three  test  series  were  performed  prior  to  December  1964. 

During  1965,  these  tests  were  continued  for  the  basic  purpose 
of  obtaining  data  which  could  be  used  in  the  formulation  of  design 
procedures.  Tables  10-12  showing  three  test  series  -«  two  wall 
response  tests  snd  one  equivalent  charge  test  series  --  were 
performed  on  a  1/3  scale. 

Because  of  overlapping,  in  several  instances,  the  1/3  scale 
rests  will  be  discussed  chronologically  rather  than  according  to 
their  specific  objectives. 

As  part  of  the  scaling  study,  a  series  of  smaller  scale  slab 
tests  also  were  initiated.  The  1/10  scale  model  tests  were  completed 
and  are  presented  in  comparison  with  results  for  equivalent  1/3 
scale  models. 


1/3  Scale  Slab  Test* s' 

Three  test  series  were  conducted  in  1965: 

Slab  Response  Test  Series  2 
Slab  Response  Test  Series  3 
1/3  Scale  Equivalent  Charge  Test  Series  1 

The  purpose  of  Slab  Response  Test  Series  2  and  3  was  to: 

1.  Establish  a  general  configuration  of  reinforced  concrete 
(plain,  composite,  etc.)  which  will  be  useful  in  the 
construction  of  explosive  facilities. 
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2.  Establish  explosive  quantity  range  for  reinforced 
concrete . 

3.  Investigate  the  u^e  of  annealed  (high  carbon)'  steel 
wive  to  simulate,  on  *  model  scale,  the  ductile 
properties  of  the  re Ln:orcement  commonly  used,  in 
explosive  facili’  r  construction. 

4.  Investigate  the  oftLuum  amount  of  reinforcement 
and  the  maxi  *  m  amount  of  reinforcement  that  is 
feasible  in  cubicle  construction. 

5-  Evaluate  specific  detailing  of  reinforcement 

(various  kinds  of  shear  reinforcemer t ,  placement 
of  reinforcement) . 

6.  Evaluate  approximate  testing  procedures  for  future 
quantitative  tests . 

7.  Evaluate  composite  construction  compared  with 
plain  slab  construction. 

8.  Obtain  the  history  of  wall  deflections  (total 
and  permanent)  under  various  load  conditions. 

9.  Mak'».  a  preliminary  evaluation  of  the  effectiveness 
of  the  composite  wall  construction  that  will  be 
used  in  the  forthcoming  modified  C-13  cubicle  test. 

10.  Obtain  information  pertaining  to  the  blast  impulse 
acting  on  the  individual  test  panels. 

The  purpose  of  the  1/3  Scale  Equivalent  Charge  Test  Series  was 
to  establish  the  magnitude  of  multiple  reflections  of  the  impulse  loads 
which  occur  in  a  cubicle  type  structure  as  supplementary  data  to  those 
obtained  from  steel  cubicle  test  series  (Reference  2) . 

A  tocal  of  35  slabs  were  tested  in  the  Response  Test  Series 
and  12  tests  were  performed  in  the  Equivalent  Charge  Test  Series  during 
1965  at  the  NOTS  facility.  All  tests  were  performed  in  a  vertical 
position  using  either  the  structural  steel  tunnel  facility  or  the 
new  reinforced  concrete  slab  support  structure.  Camera  coverage  was 
provided  by  high  speed  and  still  cameras.  The  majority  of  plain 
slabs  (non-composite  slabs)  were  provided  with  aluminum  plugs 
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to  permit  determination  of  impulse  loads  acting  on  the  wall  under 
various  load  conditions. 


Charges  used  (cylindrical  Composition  B)  ranged  from  270  lbs. 
full  scale  equivalent  (10  lbs.  on  1/3  scale)  to  3^,140  lbs. 

(80  lbs.  on  1/3  scale)  located  at  scaled  distances  ranging  from 
0.36  to  1.5  f t/lb1/3. 


The  tests  indicated  that  a  substantial  increase  in  wall  capacity 
can  be  accomplished  by  strengthening  the  slab  (using  a  high  percentage 
of  reinforcement)  and  by  proper  use  of  reinforcing  ties  (shear 
reinforcing)  which  significantly  increased  the  resistance  to  blast. 

The  test  results  also  showed  that  composite  type  slabs  (concrete- 
sand-concrete)  --  using  strengthened  panels  as  the  concrete  portion 
of  these  slabs  --  appears  to  be  an  improvement  over  plain  slab  consLru 
tion  because  of  the  blast-attenuating  and  inertial  characteristics  of 
the  sand.  The  equivalent  charge  test  series  showed  that  the  presence 
of  side  walls  (simulating  cubicle  type  construction)  significantly 
increased  the  blast  loads  acting  on  a  wall  due  to  reflection  facLors. 

Vertical  Support  Tunnel 

A  detailed  description  of  the  Vertical  Support  Tunnel  was 
include.u  in  the  previous  annual  report  (Reference  3).  However, 
since  the  majority  of  slab  tests  were  perf  rmed  using  this  facility, 
its  description  also  will  be  included  in  this  report. 

The  facility  consists  of  h^avy  steel  plates  embedded  in 
the  ground  forming ;rtunuel-like  structure.  The  slabs  are 
supported  against  an  opening  in  the  tunnel  wall.  Another  opening 
exists  at  the  rear  tunnel  wall.  The  bottom  edge  of  the  slab 
is  supported  on  a  horizontal  steel  base  plate.  The  roof  of  the 
tunnel  and  a  steel  block  above  the  test  specimen  seals  the 
tunnel,  allowing  the  larger  fragments  of  the  test  specimen  to 
enter  the  tunnel  while  keeping  out  the  dust  and  flash  produced 
by  detonation  of  a  donor  charge  (Figure  2).  A  high-speed 
camera  is  placed  at  one  end  of  the  steel  plate  tunnel.  At  the 
other  end  of  the  tunnel,  a  searchlight  is  placed  so  that  the  line- 
of-sight  betweer  camera  and  searchlight  coincide  with  the 
longitudinal  axi.*  of  the  tunnel  and  is  perpendicular  to  the  travel 
of  the  test  spec*' men  fragments.  The  silhouettes  of  the 
flying  fragments  appear  against  the  strong  light  field  in  the  tunnel. 
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These  are  photographed  by  the  high-speed  camera.  The  film  record 
is  then  analyzed  to  determine  the  fragment  velocity.  This  technique 
was  developed  to  measxrre  fragment  velocities  without  being  obscured 
by  the  dust  cloud  from  the  detonation.  A  second  camera  is  used  to 
photograph  the  fragments  after  they  emerge  from  the  tunnel.  The 
line-of-sight  for  this  camera  is  also  perpendicular  to  the  travel 
of  the  fragments.  The  camera  faces  a  backboard  r.arked  with  vertical 
lines  that  form  a  scale  for  measuring  the  flight  of  the  fragments. 
Complete  break-up  of  the  test  specimen  can  be  viewed  by  high-speed 
camera  located  about  200  feet  in  back  of  the  rear  face  of  the  test 
tunnel.  This  camera  records  the  overall  test  in  addition  to  details 
of  the  break-up  of  the  rear  surface  of  the  slab  (Figure  3). 

Description  of  a  New  Slab  Support  Structure 

The  tunnel  test  facility  proved  to  be  inadequate  for  charges  over 
30  lbs.  of  HE;  a  new  multi-purpose  slab  support  structure  was  con¬ 
structed  so  that  in  addition  to  much  higher  charge  weight  capacity, 
the  newer  iacility  would  permit  greater  flexibility  in  testing 
arrangement  and  capacities. 

This  slab  support  structure  consists  basically  of  three  adj.  cent 
reinforced  concrete  blocks  aligned  longitudinally  and  interconnected 
at  their  bases  by  means  of  reinforced  ccncrete  pedestals  (Figures 
4-6).  Each  block  is  eight  feet  long,  eight  feet  wide  and  nine  feet 
high,  and  is  traversed  by  a  horizontal  sighting  tube  30  inches  in 
diameter.  The  length  of  the  concrete  structure  is  30.5  feet  and 
the  overall  length  (including  the  sighting  tube  extension)  is 
110  feet  (Figure  7) « 

Reinforcement  of  each  block  consists  of  conventional  reinforcing 
bars  and  structural  shaped  bars  (Figure  8).  Two  A-frames  are  embedded 
in  each  of  the  three  concrete  blocks  and  extend  two  feet  below  the 
blocks  into  a  two-foot  auger  hole  filled  with  concrete.  3/8-inch- 
thick  steel  plates  cover  exposed  concrete  surfaces. 

A  searchlight  is  provided  at  one  end  of  the  sighting  tube  and 
an  adjustable  distance  scale  for  measuring  fragment  velocities  is 
incorporated  within  the  tube.  Consisting  of  two  parallel  pipes 
mounted  in  a  movable  frame,  the  adjustable  distance  scale  is  so 
oriented  that  the  pipes  are  either  vertical  or  horizontal. 
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Pressure  and  deflection  gaga  mounts  are  embedded  in  all 
appropriate  surfaces  together  with  the  related  conduits  (Figure 
9  and  1C). 

The  slab  support  structure  was  designed  to  test  various  types 
and  sizes  of  slabs.  Slabs  can  be  tested  in  either  horizontal  or 
vertical  position,  and  may  be  either  full-scale  slabs  or  scale 
models,  of  plain  or  composite  construction. 

To  prevent  slabs  from  sliding  and  to  fix  the  slabs  more  firmly 
at  uheir  support,  four  holes  v;ere  drilled  in  the  support  structure 
at  points  where  slabs  are  to  be  bolted  to  the  structure.  A  detailed 
description  of  the  support  structure  is  in  Reference  4. 

Test  Set-Up 

Items  included  in  the  test  set-up  were: 

Test  specimens 
Explosive  charge 
Slab  support  structure 
Photographic  and  other  equipment 

The  test  specimens  were  either  1/3  scale  plain,  reinforced  concrete 
or  composite  (concrete-sand-concrete)  slabs.  Linear  dimensions  of  the 
slab  (width,  length,  height)  and  reinforcing  steel  were  reduced  in 
accordance  with  the  geometric  scaling  laws.  Reinforcing  steel  was 
either  annealed  wire,  hot  rolled  reinforcing  bars  or  combination  of 
both  (Table  13). 

The  explosives  used  were  cylindrical  Composition  B  charges 
ranging  in  weight  from  10  lbs.  (270  lbs.  full-scale  equivalent) 
to  80  lbs.  (2,140  lbs.  full-scale  equivalent).  All  slabs  were 
supported  in  a  vertical  position. 

As  discussed,  full  coverage  of  still  and  high-speed  photography  was 
used  in  most  test  series.  For  a  few  rounds  in  Slab  Response  Test  Series 
deflection  gages  were  used.  All  plain  slabs  in  1/3  Scale  Equivalent 
Test  Series  1  and  in  Slab  Response  Test  Series  3  were  provided  with 
aluminum  plugs  of  known  mass,  mounted  in  a  steel  plate  which  in  turn 
was  cast  into  or  bonded  to  the  surface  of  the  test  specimen.  The 
velocities  of  the  plugs  emerging  from  the  slab  were  measured  wiuh 
the  help  of  high-speed  cameras  to  permit  the  calculation  of  impulse 
acting  on  the  wall  under  various  conditions. 
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TABLE  13 


SLAB  PROPERTIES 


Slab^ 

Longitudinal  Reinforcement  7 

Slab 

Name  of  Slab 

Thickness 

(Inches) 

Don^r 

Surface 

Acceptor 

Surface 

n 

Stirrups 

Type 

Span 

(ft.) 

Strengthened  #2 

4 

0.44 

0.44 

- 

wire 

2.0 

Strengthened  #3 

4 

0.65 

0.65 

- 

bars 

2.0 

Strengthened  #4 

4 

1.40 

0.65 

- 

bars 

2.0 

Strengthened  #5 

4 

0.66 

0.66 

0.15 

bars 

2.0 

Strengthened  #6 

4 

1.40 

0.65 

0.40 

bars 

2.0 

Strengthened  #7 

12 

0.15 

C.  15 

- 

bars 

2.0 

Strengthened  #8 

12 

1.33 

0.69 

0.53 

bars 

2.0 

Strengthened  #7 

13 

1.27 

0.65 

0.53 

bars 

2.0 

Strengthened  #10 

4 

1.40 

0.65 

0.40 

bars 

2.0 

Strengthened  #11 

4 

0.65 

0.65 

0.15 

bars 

2.0 

Strengthened  #12 

4 

0.65 

0.65 

0.30<4> 

bars 

2.0 

Strengthened  #13 

4 

2.7 

2.7 

1.2 

bars 

2.0 

Strengthened  #14 

6 

2.7 

2.7 

1.2 

bars 

2.0 

Strengthened  #15 

4 

0.75 

0.75 

- 

bars 

2.0 

Composite  #2 

4-six~4 

0.65 

0.65 

- 

bars 

2.0 

Composite  #3 

4-six~4 

0.65 

0.65 

0.15 

bars 

2.0 

Composite  #4 

4-twe lve-4 

0.65 

0.65 

0.15 

bars 

2.0 

Composite  #5 

4-six-4 

1.4 

0.65 

0.40 

bars 

2.0 

Composite  #6 

4- twelve -4 

1.4 

0.65 

0.40 

bars 

2.0 

Composite  #7 

4- four-4- 
four-4 

0.15^2) 

0.25O) 

°*15S2? 

0.25(3) 

wire 

2.0 

Composite  #8 

4-three-4- 

three-4 

0.16(2) 

0.65(3) 

0.16(2) 

0.65(4) 

0.15 

bars 

2.0 

Composite  #9 

4-six-4 

0.65 

0.65 

0.15 

bars 

2.0 

Composite  #10 

4- twelve -4 

2.7 

2.7 

1.20 

bars 

2.0 

Composite  #11 

6-eighl-6 

2.7 

2.7 

1.20 

bars 

2.0 

Composite  #12 

6-eight-6 

2.7 

2.7 

1.20 

bars 

3.0 

(1) 

(2) 

(3) 

(4) 


Numbers  spelled  out  indicate  thickness  of  sand  filler 
Indicates  percent  reinforcement  in  the  center  slab 
Indicates  percent  reinforcement  in  each  of  the  outside  slabs 
Loop  reinforcement  used 
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In  equivalent  Charge  Test  Series  1,  the  slabs  were  provided 
with  a  single  plug  located  in  the  geometrical  center  of  the  slab. 

In  the  Slab  Response  Test  Series  3  the  slabs  were  provided  with 
three  plugs  (each  having  a  different  color  for  easier  indenti fication) 
located  diagonally  across  the  slab  (Figure  11). 

In  addition,  some  composite  slabs  in  Response  Test  Series  3 
were  provided  with  deflection  gages.  The  gages  used  were  linear 
displacement  transducers  which  operate  on  the  principle  of  change 
in  inductance  in  the  coils  of  a  linear  differential  transformer 
with  changes  in  position  of  the  core.  The  transformer  unit  was 
mounted  to  U-shaped  steel  supports  which  in  turn  were  welded  to 
the  steel  plates  attached  to  the  concrete  blocks  (Figure  12), 

The  information  from  these  gages  is  the  time  deflection  history 
of  the  response  of  the  test  panel. 

A  detailed  description  of  the  results  of  the  individual  rounds 
and  a  detailed  analysis  will  be  included  in  a  separate  technical 
report  which  will  be  published  shortly  (Reference  5).  Summary 
tables  on  1/3  Scale  Slab  Tests  are  in  Tables  10-12;  slab  properties 
are  in  Table  13, 

Figures  13-59  show  the  results  of  slab  tests  and  are  cross- 
referenced  in  Tables  10-12. 

Slab  Response  Test  Series  2 

All  slabs  without  shear  (ties)  reinforcement  —  except  Round 
7/1  --  underwent  total  or  partial  destruction  (all  data  concerning 
the  rounds  in  Slab  Response  Test  Series  2  are  in  Table  10).  In 
the  composite  (sandwich)  slabs  which  were  not  destroyed,  the  doner 
panel  failed  due  to  the  excessive  shear  stress  while  the  acceptor 
panel  remained  intact  (because  of  the  relatively  small  loading). 

On  the  other  hand,  in  those  slabs  where  shear  (diagonal)  reinforce¬ 
ment  was  provided  (both  strengthened  and  composite  slabs)  the 
response  of  the  slabs  was  governed  by  the  capacity  of  their 
flexural  reinforcement.  In  these  slabs,  the  damage  sustained  ranged 
from  light  damage  to  partial  destruction.  However,  the  major 
portion  of  these  slabs  sustained  light  to  heavy  damage  with  slab 
Round  9  failing  --  (fracture  of  positive  reinforcement)  --  because 
it  was  overloaded. 
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All  strengthened  slabs  which  did  not  fail  exhibited  spelling 
of  the  concrete  cover  at  th-»  acceptor  side.  As  long  as  flexural 
reinforcement  remained  intact  (with  the  shear  reinforcement 
present)  spalling  of  the  concrete  cover  d'd  not  penetrate  beyond 
the  depth  of  the  main  reinforcement. 

Unlike  the  plain  (strengthened  and  standard)  slabs,  the 
composite  slabs  remained  intact  in  most  instances  with  charges 
as  large  as  40  lbs,  (1,080  lbs.  full-scale  equivalent)  and  scaled 
distances  as  small  as  0-4  ft/lb1'^.  The  one  exception  was 
Composite  Slab  7  which  consisted  of  five  layers,  using  two 
standard  exterior  slabs  (Figure  30).  As  expected,  this  slab 
suffered  complete  destruction.  The  test  demonstrated  that  the 
addition  of  mass  (sand)  alone  while  maintaining  the  light 
reinforcement  (standard  slab  on  the  exterior)  will  not  suffice. 
Therefore,  the  modification  must  be  achieved  with  the  use  of 
increased  strengthened  panels.  This  was  demonstrated  in  the 
next  test  in  Round  17/1  (Composite  Slab  8,  Figure  31)  where 
two  strengthened  exterior  slabs  were  used.  The  test  results 
indicated  that  this  modified  slab  could  resist  a  30-lb.  charge 
located  at  a  scaled  distance  of  0,5  ft/lb^/^  usj[ng  a  simulated 
cubicle  arrangement,  while  previous  modifications  (using 
standard  slab  outside  in  place  of  strengthened  slab)  failed 
under  similar  test  conditions. 

The  other  composite  slabs  showed  a  remarkable  ability 
to  resist  the  impact  of  the  blast  loads  even  though  in  some 
cases  the  donor  panels  sustained  severe  damage.  The 
effectiveness  of  using  shear  reinforcement  was  again 
demonstrated  by  comparing  Rounds  10/1  and  7/1.  Round  10/1 
suffered  less  damage  than  Round  7/1  despite  the  fact  that 
Round  7/1  was  subjected  to  less  intensified  blast  load  than 
Round  10/1.  This  fact  should  be  attributed  primarly  to 
the  utilization  of  shear  reinforcement  in  the  slab  used  in 
Round  10/1.  The  slabs  of  Round  16/1  and  17/1  sustained 
comparatively  light  spalling  of  their  donor  surface  (donor  panel); 
the  spalling  of  these  slabs  was  the  result  of  the  crushing  of  the 
concrete  cover  due  to  bending  action  of  the  slabs  at  their 
center.  The  doner  surfaces  of  other  composite  slabs  sustained  severe 
spalling.  These  slabs  underwent  relatively  large  deflections  -- 
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resulting  in  the  formation  of  large  cracks  (n  the  donor  surface 
which  in  turn  resulted  in  scabbing  type  spalling.  This  spalling 
of  the  acceptor  surface  of  the  donor  panel  occurred  in  Round  16/1, 
18/1  and  19/1  (Figures  27-29).  In  Round  16/1,  this  spalling  was 
the  result  of  the  transmission  of  shock  wave  through  concrete, 
while  the  spalling  in  Rounds  18/1  and  19/1  was  caused  by  the 
larger  deflections  and  the  crack  formation  at  points  of  high 
stress  concentration  (scabbing).  Only  slab  in  Round  16/1 
exhibited  spalling  of  both  surfaces  of  acceptor  and  donor  panels 
which  was  produced  by  the  direct  shock  transmission. 

Conclusion 


The  strengthening  of  a  reinforced  concrete  slab  either  by 
adding  more  steel  (flexural  and  shear  reinforcement)  or  more 
steel  in  combination  with  additional  mass  appreciably  increased  the 
capacity  of  the  slab  to  withstand  the  blast  loads. 

The  composite  type  slab  using  strengthened  slabs,  in 
combination  with  sand,  proved  to  be  effective  to  resist  blast 
loads  at  close  distance  (Z  =*  0.5)  resulting  from  up  to  1,000 
lbs.  of  HE  equivalent  charge.  The  sand  in  composite  slabs 
was  effective  in  reducing  spalling  of  the  acceptor  pan^l.  The 
use  of  shear  reinforcement  greatly  increased  the  slab  capacity 
and  ductility  in  resisting  blast  loads. 

The  presence  of  side  walls  (simulating  cubicle  type  construction) 
significantly  increased  the  blast  loads  acting  on  a  slab  due  to 
reflection  factors. 

Discussion  of  Slab  Response  Test  Ser les  3 

As  a  follow-up  to  the  Response  Test  Series  2,  this  series  was 
designed  to  investigate  the  increase  in  the  amount  of  reinforcement 
to  the  practical  maximum  (2.7%)  in  wall  capacity  to  blast  loads. 

All  data  covering  the  rounds  in  Slab  Response  Test  Series  3  are  in 
Table  11. 


Of  the  slabs  tested,  four  failed  (Rounds  3,  5,  9  and  10).  The 
remainder  suffered  less  than  incipient  failure  for  charges  as 
large  as  80  lbs.  (2,160  lbs.  full-scale  equivalent)  and  scaled 
distances  as  small  as  0.33  ft/lbl/^.  tension  reinforcement 

failed  in  slabs  of  Rounds  3  and  9  (Figures  34  and  41).  In  both 
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cases,  failure  occurred  at  points  of  maximum  stress  at  the 

supports  and  at  the  center  of  the  slab  with  the  remainder  of  the 

slab  remaining  essentially  intact.  This  phenomenon  was  the 

result  of  the  presence  of  the  diagonal  shear  reinforcement 

which  maintains  the  integrity  of  each  slab  between  the  hinge 

points  after  failure.  An  interesting  observation  can  be  made 

from  these  results.  Because  of  hinge  action  of  the  slabs  at 

their  support  sections,  the  slabs  tend  to  swing  open  as  a  hinged 

door  instead  of  being  reduced  to  rubble  after  failu *e  of  reinforcement. 

Its  importance  in  actual  design  lies  in  the  fact  that  if  a  cubicle 

wall  fails,  the  sections  dislodged  will  rotate  about  the  hinge 

supports  (compression  reinforcement  at  supports  will  produce  hinge 

action)  and  will  either  crash  into  the  ground  or  into  other 

portions  of  the  structure  still  intact  --  thereby  absorbing  most 

of  the  overload.  Rotation  of  the  wall  section  in  place  of 

translation  will  occur  in  walls  without  shear  reinforcement 

where  fragments  formed  by  wall  break-up  will  be  propelled 

at  high  velocity  downstream  from  the  structure. 

In  strengthened  Slab  12  (Round  5)  loop  stirrups  were  used 
in  place  of  diagonal  stirrups.  The  failure  was  produced  by  pure 
shear  between  the  loop  stirrups  (Figure  36).  Therefore,  it  is 
apparent  that  the  shear  reinforcement  must  be  a  continuous  one 
(as  in  the  case  of  diagonal  reinforcement  utilized  in  Round  4). 

The  slab  in  Round  9  was  used  for  impulse  measurements 
by  inserting  24  aluminum  plugs  and  detonating  60  lbs.  (6,620  lbs. 
full-scale  equivalent)  at  a  scaled  distance  Z  =  0.5.  Since  the 
slab  was  grossly  overloaded  its  failure  was  expected.  Because 
of  cloud  formation  resulting  from  complete  breakup  of  the  slab, 
no  valuable  velocity  data  was  obtained  from  this  round.  Future 
impulse  measurement  tests  will  be  performed  using  steel  plates 
which  will  not  be  destroyed  by  the  blast  load. 

In  this  series,  restraining  plates  were  placed  against  the 
overhangs  of  the  strengthened  slabs.  The  purpose  of  using 
these  plates  was  to  more  fully  develop  the  bending  moment 
capacity  of  the  overhangs  than  in  Slab  Response  Test  Series  2. 

It  was  evident  from  the  results  of  Slab  Response  Test  Seri.es  3 
that  heavier  reinforced  strengthened  slabs  underwent  relatively 
large  deflections  without  failing.  This  is  attributed  to  the 
fact  that  the  overhangs  of  the  slabs  could  slide  inward 


during  the  application  of  the  load  with  a  resulting  large  defies  jn 
of  the  center  of  the  slab.  This  is  demonstrated  in  Round  6 
where  a  heavily  reinforceo  s  i.ab  wis  deflected  11  inches  at  the 
center  without  failure  of  ary  of  the  reinforcing  bars  (vigure  37). 

If  the  slab  overhangs  had  been  properly  restrained,  tnis  « 

large  deflection  could  not  have  occurred  and  the  horizontal  , 

reinforcing  bars  would  have  be ,n  forced  to  carry  the  entire 
load.  This  should  have  resi ited  in  greater  damage  to  the 
slab. 

In  a  cubicle  type  structure,  this  type  of  restraint  was 
provided  by  the  floor  and  side  walls.  It  was  decided  to  test 
subsequent  rounds  by  bolting  the  overhangs  into  slab  support 
structure  and  thus  truly  simulate  the  response  of  a  wall  in  a 
cubicle  arrangement  effect:  of  support  conditions. 

The  only  composite  slab  that  failed  was  in  Round  10  (Figure  41). 
The  interesting  observation  was  that  the  same  slab  in  previous 
series  remained  intact  (Slab  Response  Test  Series  2,  Figure  25). 

The  variation  in  test  results  can  be  attributed  to  higher  charge 
weight  (40  lbs.  vs.  30  lbs.  in  previous  test),  the  absence  of 
shock  attenuating  material  (wood  blocks  between  the  support 
structure  and  slab  used  in  previous  test)  and  the  use  of  more 
flexible  support  in  the  Slab  Response  Test  Series  2.  A  repetition 
of  that  round  (Round  11,  Figure  42)  --  using  the  same  weight  at 
the  same  scaled  distance  as  in  Slab  Response  Test  Series  2  (Figure  25) 
produced  incipient  failure  in  the  slab  (still  considerably  more 
damage  than  in  the  original  test). 

Spalling  was  quite  extensive  on  both  sides  of  the  strengthened 
slabs.  However,  in  all  cases  where  reinforcement  did  not  fail 
the  spalling  did  not  penetrate  beyond  the  depth  of  reinforcement. 

Rounds  13-16  were  tested  to  investigate  the  storage  capacity 
of  the  anticipated  1/3  scale  modified  C  13  test.  All  these 
slabs  (which  represented  C-13  cubicle  <1  and  were  tested  under 
conditions  planned  for  C-13)  sustained  dam:*,  o  v  i  t'uvn 
incipient  failure;  this  points  to  the  fact  ckc  the  cuoicle 
should  withstand  the  1,620  lbs.  full-scale  equivalent  charge 
without  failing  (Figures  44-47). 

Conclusion 


Further  strengthening  of  slabs  using  a  high  degree  of 
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flexural  reinforcement  in  combination  with  shear  reinforcement 
significantly  increased  its  resistance  tj  ?last  loads.  Proper 
detailing  of  reinforcing  ties  (diagonal  continuous  shea*“  reinforcement) 
contributed  significantly  to  blast  resistance  properties  of  a  slab. 

An  increased  amount  and  proper  placement  of  flexural  and 
shear  reinforcement  not  only  increased  slab  capacity  but  also 
reduced  formation  of  high  speed  translational  fragments. 

Use  of  attenuating  blocks  between  the  clab  and  support 
structure  (wood  or  concrete)  as  well  as  a  flexible  support 
structure  tends  to  reduce  the  damage  to  a  slab  subjected  to  b'ast 
loads  and  produce  somewhat  misleading  explosive  capacities  of 
the  slabs  in  these  trsts.  Therefore,  future  slab  tests  will 
utilize  a  more  solid  structure  and  will  eliminate  the  use  of  shock 
absorbing  blocks. 

Based  on  results  in  Round:,  13-16,  it  is  believed  that  the 
modified  C-13  cubicle  will  withstand  a  load  of  1,600  lbs.  HE 
equivalent . 

Equivalent  Charge  Test  1 

Purpose  of  this  test  series  was  to  determine  the  fragment 
velocities  and  to  assess  the  damage  to  the  slab  ’specimens  under 
various  load  conditions  in  a  simulated  cubicle  type  structures. 

In  addition,  impulse  measurements  were  made  by  the  use  of  plug 
gages  of  known  mass. 

Since  the  evaluation  of  velocity  data  (of  wall  fragments  as 
well  as  aluminum  plugs)  was  not  completed  the  discussion  of  the  test 
results  will  pertain  only  to  damage  sustained  by  the  slab  specimens. 

Table  12  shows  nine  of  the  12  slabs  tested  disintegrated 
while  shear  failure  of  the  concrete  occurred  in  two  slabs 
(Rounds  4/2  and  10/2,  Figures  51  and  57)  and  only  one  sustained 
heavy  damage  (Round  12/2,  Figure  59).  In  those  tests  where 
the  charges  were  located  at  scaled  distances  equal  to  or  less 
than  0.8  from  the  slabs,  both  the  concrete  and  the  reinforcing 
steel  disintegrated  except  Slab  12/2  which  was  13  inches 
thick  (equivalent  to  three  feet,  three  inches  in  prototype 
construction).  The  major  portion  of  the  concrete  of  the  slabs 
after  these  tests  was  in  the  form  of  rubble  and  was  dispersed  from 
the  immediate  area  of  testing. 
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Except  for  Round  10/2  (Figure  57),  in  those  tests  where  the 
scaled  distance  was  greater  than  0.8  but  equal  to  or  less  than 
1.25,  the  concrete  rubble  remained  within  the  immediate  area. 
Round  10/2  exhibited  a  shear-  failure  of  the  concrete  rather  than 
disintegration.  This  can  be  attributed  to  the  reduced  impulse 
loads  resulting  from  greater  separation  of  the  side  walls  in  this 
test  (Zb/Za  =  1*0).  Slab  4/2  failed  due  to  excessive  shear 
stresses  in  the  concrete  (Figure  51).  As  in  the  case  of  Round 
10/2,  the  magnitude  of  the  applied  loads  was  not  large  enough  to 
produce  concrete  disinteg  *ation.  It  is  evident  from  the  results 
of  Rounds  4/2  and  10/2  that  the  flexural  reinforcement  did  not 
fail,  and  if  shear  reinforcement  were  provided  in  both  specimens 
those  rounds  might  have  been  capable  of  sustaining  the  applied 
blast  loads. 
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1/10  Scale  Slab  Tests 


Introduction 


A  series  of  1/10  scale  model  reinf orced-concrete  slab  tests 
were  performed  at  Picatinny  Arsenal's  test  facility  to  investigate 
the  feasibility  of  slab  testing  at  this  scale. 

In  this  test  series,  scaled-down  HE  charges  were  detonated 
adjacent  tt  scale  model  reinforced  concrete  slabs  and  the  response 
of  these  slabs  to  the  blast  loading  was  measured  in  terms  of 
slab  damage  or  velocity  of  concrete  fragments.  The  results  were 
then  analyzed  for  comparison  with  results  of  the  corresponding 
1/3  scale  model  slab  tests  performed  at  the  U.  S.  Naval  Ordnance 
Test  Station  (NOTS) ,  China  Lake,  California  facility. 

A  total  of  19  tests  were  performed  and  the  results  indicated 
a  strong  similarity  between  1/10  and  1/3  scales.  It  was  concluded 
that  this  method  of  model  testing  is  feasible  where  qualitative 
or  semi-quantitive  results  are  required.  For  more  detailed 
quantitative  testing  a  refinement  of  present  model  test  techniques 
will  be  required. 

This  test  series  was  conducted  to  establish  the  validity  of 
1/10  scaling  to  formulate  a  method  by  which  results  from  small 
scale  model  tests  can  be  used  to  predict  the  response  of  a  full- 
scale  structure  to  explosion  effects. 

A  series  of  19  one-tenth  scale  slabs  were  performed  during 
the  year  at  the  test  area  of  Picatinny  Arsenal.  Details  of  this 
test  series  are  in  Reference  6. 

Test  Set-Up 

All  tests  were  performed  in  a  vertical  position  utilizing  the 
steel  tunnel  technique  similar  to  that  used  at  NOTS.  One  high¬ 
speed  camera  (shadowgraph  method)  measured  the  velocity  of  slab 
fragments  traveling  across  the  steel  plate  tunnel  transverse 
to  the  axis  of  the  tunnel.  Another  high-speed  camera  (backboard 
technique)  measured  the  fragment  velocity  moving  past  a 
wooden  backboard  which  was  marked  with  a  linear  distance  scale 
composed  of  vertical  stripes  equally  spaced  on  a  vertical  board. 
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The  third  high-speed  camera  facing  the  rear  of  the  slab  (accepter 
face)  recorded  failure  of  its  rear  face. 

In  this  test  series,  spherical  Composition  B  donor  charges 
were  used  whose  weights  were  scaled-down  versions  of  the 
charges  used  in  1/3  scale  tests.  The  scaling  factor  equaled 
1/1,000  of  the  prototype  charge  or  27/1,000  of  the  1/3  scale 
equivalents. 

The  test  slabs  were  scaled  down  to  1/10  size  of  the  prototype 
(full-scale)  slabs.  All  linear  dimensions  were  divided  by  a  factor 
of  1/10.  The  reinforcing  steel  area  per  linear  foot  of  slab  was 
divided  by  a  factor  of  1/10  while  the  percentage  of  reinforcing 
steel  per  concrete  area  was  constant  for  model  and  prototype 
slabs. 


The  test  slabs  were  supported  in  a  vertical  position  on  the 
tunnel  plate.  The  steel  test  tunnel  constructed  at  Picatinny 
Arsenal  is  made  up  of  steel  wall  sections  embedded  in  the  earth. 
The  tunnel  is  basically  a  scaled-down  version  of  the  steel  tunnel 
used  fer  the  1/3  scale  test  slab  at  NOTS  except  for  the  adjustment 
provisions  to  be  used  for  1/8  and  1/5  scale  slabs.  This  is  done 
by  placing  heavy  armor  plates  in  front  of  the  tunnel  opening 
for  1/8  scale  with  larger  opening  and  for  1/10  scale  slabs  with 
smaller  opening.  For  the  1/5  scale  slab  tests,  the  space  in  the 
wall  is  utilized  for  the  unsupported  span  with  the  tunnel  wall 
used  as  the  slab  support. 

Two  one-inch- thick  steel  plates  placed  perpendicular  to  the 
test  slab  served  to  simulate  the  cubicle  arrangement  to  account 
for  the  effects  of  blast  wave  reflections  from  adjacent  surfaces. 
The  instrumentation  consisted  of  motion  and  still  picture  cameras 
described  previously.  The  deflections  at  various  points  on  the 
slabs  were  taken  by  manual  measurements. 

Discussion 

This  discussion  of  test  slab  results  is  oriented  towards 
establishing  the  validity  of  scaling  by  comparing  the  1/10 
scale  test  results  with  the  corresponding  1/3  scale  slab  tests 
performed  some  time  ago  at  the  NOTS  facility. 
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Table  14  summarizes  the  results  of  these  tests.  The  1/10 
scale  results  are  listed  parallel  to  the  results  of  the  Corresponding 
1/3  scale  tests.  In  general,  the  major  conclusion  from  this  test 
series  was;  the  damage  to  the  test  slabs  was  similar  for  both  the 
1/10  and  1/3  scale  tests.  In  most  cases,  the  extent  of  the  damage 
was  close  enough  to  be  within  the  same  damage  classification. 

However,  in  the  cases  where  there  was  a  difference,  the  variation 
between  the  two  scales  was  usually  in  the  direction  of  greater 
damage  to  the  1/3  scale.  (See  Round  6  vs.  Round  14-1  in  Table  14 
and  Figure  60).  A  quantitative  evaluation  of  the  slab  damage  in 
relation  to  the  parameters  of  kinetic  energy,  stress  and  movement 
in  the  slab  will  be  given  in  a  future  report  comparing  the  different 
scale  slab  tests. 

Another  conclusion  reached  from  this  series  was  that  the  testing 
techniques  used  are  generally  satisfactory  for  attaining  the  objectives 
of  the  test  series.  However,  an  improvement  is  needed  in  the  method 
of  restraining  the  slabs  to  better  define  the  effects  of  the  slab 
end  conditions  on  the  test  results.  It  is  also  felt  that  the  results 
to  date  are  sufficiently  consistent  to  justify  confidence  in  1/10 
scale  slab  testing  when  semi -quantitative  results  are  required. 

However,  additional  testing  will  be  required  at  this  scale  to 
further  define  the  different  parameters  in  their  relationship  to 
the  scaling  factors.  A  detailed  discussion  and  analysis  of  the  1/10 
scale  test  results  is  in  Reference  6. 
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SCALING  INVESTIGATION,  ONE-TENTH  SCALE  SLAB  TEST  SERIES 


i 


<  * 


M  Glossary:  W  -  charge  weight  la  lbs.  Std.  -  Standard 

ZA  -  scaled  distance  ft/lbs1/3  Str.  -  Strengthened 

Comp.  -  Composite 

Simulated  back  wall  condition  in  a  cubicle 


TEST  PLAN  FOR  FUTURE  MODEL  SCALE  SLAB  TESTS  SERIES 
TO  BE  PERFORMED  IN  1966 


1/3  Scale  Slab  Test  Series 

The  Slab  Response  Test  Series  4  is  divided  into  three  phases 
A,  B  and  C. 

The  objectives  of  this  series  are  to: 

1*  Obtain  design  data  which  will  relate  slab-to- 

thickness  ratio  in  terms  of  structural  response. 
(Phases  A  and  B) 

2.  Evaluate  the  addition  of  cut  wire  and  nylon  fiber  to 
concrete  in  increasing  its  tension  capacity* 

(Phase  C) 

3.  Evaluate  the  method  of  bolting  test  specimens  to  the 
support  structure  to  simulate  fully  restraining  test 
specimens.  (Phase  A) 

4.  Determine  explosive  resisting  capacities  of  panels 
which  can  move  inward  (unrestrained)  in  comparison 
to  those  panels  which  are  restrained  from  moving. 
(Phase  A) 

5.  Evaluate  the  additional  blast  energy  absorbed  by  the 
use  of  wood  or  concrete  support  blocks  in  the  test 
set-up.  (Phase  A) 

6.  Evaluate  the  lower  strength  concrete  (f£  2,500  to 
3,000  psi)  in  comparison  to  higher  strength  concrete 
(f£  =  6,000  psi).  (Phase  B) 

This  series  is  an  extension  of  previous  tests  which  were 
performed  to  accumulate  qualitative  and  quantitative  data  on  the 
structural  response  of  concrete.  Slabs  to  be  used  in  Phase  A 
are  modified  versions  of  those  used  in  Slab  Response  Test  Series  3 
which  provide  for  bolting  to  the  support  structure. 
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Instrumentation 


Camera  Coverage  --  Documentary  ana  high-speed  motion 
pictures  and  still  photography  will  be  utilized.  The  still 
photography  will  record  construction  phases  of  the  test  as 
well  as  pre-shot  arrangement  and  post-shot  results.  The 
motion  pictures  will  be  used  to  determine  failure  characteristics 
of  the  test  specimens  including  fragment  velocities,  sizes  and 
distribution  resulting  from  break-up  of  any  portion  of  the  test 
specimen. 

Three  basic  high-roeed  motion  picture  techniques  will  be  used 

Shadowgraph  Method  --  to  determine  fragment  (both 
concrete  and  impulse  plugs)  masses  and  velocities  by  means  of 
high-speed  camera  (about  7,000  frames  per  second)  and  a 
searchlight  located  at  opposite  ends  of  the  tunnel  in  the 
support  structure , 

Backboard  Viewing  Method  --  where  the  high-speed  camera 
(400-600  frames  per  second)  faces  the  backboard  and  the  line-of- 
sight  of  the  camera  is  perpendicular  to  the  path  of  the  fragments 
from  the  test  specimens.  This  method  is  used  to  determine  the 
masses  and  velocities  of  fragments  (both  concrete  and  impulse 
plugs) . 


Rear  View  Carrera  --  records  the  damage  sustained  by 
the  acceptor  surface  of  the  test  specimen  from  the  beginning  to 
the  end  of  the  tests  (about  2,000  frames  per  second). 

Deflection  Gages  --  One  linear  transducer  will  be  used  to 
measure  the  deflection  at  the  center  of  each  plain  slab  cf  Section 
B  of  the  test  series.  Gages  will  not  be  used  for  the  composite 
slab  tests. 

Procedure  --  All  but  one  test  specimens  are  reinforced 
concrete  slabs  (plain,  composite  or  with  added  fibrous 
materials)  varying  in  thickness  from  4  to  12  inches  and  length 
from  4  feet  8  inches  to  9  feet,  4  inches.  The  non-concrete 
panel  is  constructed  of  structural  steel,  (7  feet  long,  4  feet 
high  and  6  inches  thick)  and  will  be  used  to  evaluate  impulse 
loads  in  a  C-13  cubicle  in  repetitive  tests.  A  summary  of  the 
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individual  phases  of  tests  anticipated  in  this  series  is  in  Table  15. 
The  support  structure  will  be  modified  to  accommodate  the  slab  bolting 
technique.  In  those  tests  where  the  cubicle  arrangements  are  used 
structural  steel  plates  will  be  utilized  as  side  walls.  The  explosive 
charges  to  be  used  in  this  series  (20-100  lbs.)  will  consist  of  bare 
cylindrical  charges  of  Compsoition  B  primed  with  Composition  C-4 
and  detonated  with  Engineer’s  Special  Blasting  Caps. 

Test  Plan  for  1/8  and  1/5  Scale  Slab  Tests 


These  two  test  series  consisting  of  about  20  rounds  each  are 
part  of  a  model  test  program  designed  to  provide  qualitative, 
semi-quantitative  and  quantitative  information  pertaining  to  the 
validity  of  scaling. 

These  test  series  will  serve  to  est£iblish  the  usefulness  of 
performing  1/8  and  1/5  scale  tests,  and  in  addition,  will  provide 
supplementary  information  pertaining  to  structure  response.  The 
tests  will  be  carried  to  a  point  where  structural  damage,  fragment 
velocities  and  masses  can  be  related  to  similar  test  results  from 
1/3  scale  model  tests  and  possibly  full-scale  tests. 

Objective 


The  purpose  of  these  test  series  is  to  establish  the  validity 
of  1/8  and  1/5  scaling  and  to  establish  a  method  by  which  results 
of  1/8  and  1/5  scale  tests  can  be  used  to  predict  the  behavior 
of  full-scale  structures  in  explosive  storage  and  manufacturing 
facilities. 

Test  Set-Up 

Testing  will  be  performed  at  Picatinny  Arsenal  facility  using 
the  steel  tunnel  previously  described.  The  tunnel  arrangement  is 
used  to  support  the  test  specimen  thereby  simulating  the  single 
adjacent  reflecting  surface  (ground  surface).  Both  motion  and 
still  cameras  will  record  the  results  similar  to  the  1/3  Scale 
Slab  Test. 
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TABLE  15 


PRELIMINARY  TESTING  rLAN  FOR  SLAT  RESPONSE  TEST  SERIES  No.  4 
SERIES  4a_ SLAB  PROPERTIES_ TEST  ARRANGEMENT 


Dinv  nslons^l) 

Longitude  Peirforcem'.nt  X 

Charge  Properties 

Cubicle  | 

Name  of  Slab 

Span 

Thickness 

(In.) 

Donor 

Surface 

Acceptor 

Surface 

Stirrups 

W 

lbs. 

R 

In. 

^  i  /*» 

ft/  lbs1' 

Type 

VZA 

Remarks 

Str .  No.  1 1 

2 

4 

0.65 

0.65 

0.15 

20 

33 

1.0 

None 

Str.  Po.  11 

2 

4 

0.65 

0.65 

0.15 

20 

33 

1.0 

None 

Str.  No.  11 

2 

4 

0.65 

0.65 

0.15 

20 

33 

1.0 

0.89 

Str.  No.  14 

2 

6 

2.7 

2.7 

1.2 

30 

18.5 

0.5 

1.0 

Comp.  No.  9 

2 

4(6)4 

0.65 

0.65 

0.15 

30 

18.5 

0.5 

None 

Str.  No.  12 

2 

4 

0.65 

0.65 

0.30 

20 

41.0 

1.25 

None 

Use  of  loop  shear  relnf. 

Comp.  No.  9 

2 

4(6)4 

0.65 

0.65 

0.15 

30 

29.5 

0.8 

None 

Corap.  No.  10 

2 

4(12)4 

2.7 

2.7 

1.2 

60<2> 

0.5 

0.5 

None 

SERIES  4b 

Comp.  No.  9 

2 

4(6)4 

0.65 

0.65 

0.15 

30 

18.5 

0.5 

None 

Comp.  No.  9 

2 

4(6)4 

0.65 

0.65 

0.15 

30 

29.5 

0.5 

None 

Str.  No.  13a 

2 

4 

2.7 

2.7 

1.2 

20 

24.0 

0.75 

1.0 

Str.  No.  13a 

2 

4 

2.7 

2.7 

1.2 

30 

18.5 

0.5 

1.0 

Str.  No.  14a 

2 

6 

2.7 

2.7 

1.2 

30 

18.5 

0.5 

1.0 

Str.  No.  14a 

2 

6 

2.7 

2.7 

1.2 

30 

To  be 

decided  1 

ater 

Str.  No.  16 

2 

12 

2.7 

2.7 

1.2 

80 

I*. 5 

0.3 

1.0 

Str.  No.  16 

2 

12 

2.7 

2.7 

1.2 

80 

To  be 

decided  1 

ater 

Str.  No.  17 

3 

4 

2.7 

2.7 

1.2 

20 

29.0 

0.9 

1.0 

Str.  No.  17 

3 

4 

2.7 

2.7 

1.2 

20 

To  be 

decided  1 

ater 

Str.  No.  18 

3 

6 

2.7 

2.7 

1.2 

30 

24.0 

0.65 

1.0 

Str.  No.  18 

3 

6 

2.7 

2.7 

1.2 

30 

To  be 

decided  1 

ater 

Str.  No.  19 

3 

12 

2.7 

2.7 

1.2 

80 

if  .0 

0.35 

1.0 

Str.  No.  19 

3 

12 

2.7 

2.7 

1.2 

100 

To  be 

decided  1 

ater 

Str.  No.  11a 

2 

4 

0.65 

0.65 

0.65 

20 

33.0 

1.0 

None 

Str.  No.  11a 

2 

4 

0.65 

0.65 

0.65 

20 

33.0 

1.0 

0.89 

Str.  No.  13b 

2 

4 

2.7 

2.7 

1.2 

20 

24.0 

0.75 

None 

Use  of  low  strength  concret' 

Str.  No.  13b 

2 

4 

2.7 

2.7 

1.2 

20 

24.0 

0.76 

1.0 

Use  of  low  strength  concret- 

Steel  Panel 

60<2> 

No.  1 

2 

4 

- 

- 

* 

19.5 

0.42 

0.87 

Steel  Panel 

60<2> 

No.  1 

2 

4 

- 

- 

- 

19.5 

0.38 

1.15 

Side  wall  arrangement 

SERIES  4c 

Str.  No.  lib 

2 

4 

0.65 

0.65 

0.15 

20 

33.0 

1.0 

None 

Use  of  cut.  steel  wire 

Str.  No.  lib 

2 

4 

0.65 

0.65 

0.15 

20 

33.0 

1.0 

0.89 

Use  of  cut  steel  wire 

Str.  No.  11c 

2 

4 

0.65 

0.65 

0.15 

20 

33.0 

1.0 

None 

Use  of  nylon  fiber 

Str.  No.  11c 

2 

4 

0.65 

0.65 

0.15 

20 

33.0 

1.0 

0.89 

Use  of  nylon  fiber 

Str.  No.  13c 

2 

4 

2.7 

2.7 

1.2 

20 

24.0 

0.75 

None 

Use  of  cut  steel  wire 

Str.  No.  13c 

2 

4 

2.7 

2.7 

1.2 

20 

24.0 

0.75 

1.0 

Use  of  cut  steel  wire 

Str.  No.  13d 

2 

4 

2.7 

2.7 

1.2 

20 

24.0 

0.75 

None 

Use  of  nylon  fiber 

Str.  No.  13d 

2 

4 

2.7 

2.7 

Li!  

20 

24.0 

0.75 

1.0 

Use  of  nylon  fiber 

Number*  In  parenthesis  Indicates  thickness  of  sand  fill. 
^2^  6  x  10  lb.  charges  to  be  used. 

Str.  -  Strengthened  concrete 
Comp.  -  Composite 
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Twenty  rounds  will  be  used  in  each  of  the  two  series  to  test 
11  different  slab  designs  (both  plain  and  composite).  A  tentative 
test  program  for  both  series  is  shown  in  Table  16,  which,  also 
includes  data  for  comparable  test  slabs  in  the  other  scaled 
test  series. 
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SECTION  2 


SCALED  BAY  TEST  SERIES 


Summary 

The  purpose  of  these  tests  was  to: 

1.  Design  a  manufacturing  bay  to  withstand  2,000  lbs. 
of  HE. 

2.  Evaluate  its  explosive  capacity. 

3.  Establish  scaling  factors  that  will  relate  the  test 
results  of  a  given  scale  model  bay  to  results  of  a 
full-scale  structure . 

The  full-scale  bay  was  40  feet  long,  20  feet  deep  and  10  feet 
high,  constructed  of  reinforced  concrete,  comprising  a  floor  slab, 
back  wall  and  two  side  walls.  Each  wall  was  of  the  sandwich  type 
and  had  an  overall  thickness  of  eight  feet  (two  feet  concrete, 
four  feet  sand  and  two  feet  concrete).  The  dimensions  of  individual 
scale  models,  the  diameter  of  main  reinforcing  bars,  and  charge 
dimensions  were  scaled  linearly. 

The  explosives  were  spherical  Composition  B  charges.  The  1/10 
aud  1/8  scale  model  tests  were  performed  at:  the  Picatinny  Arsenal 
Test  Facility.  The  1/5  and  1/3  scale  model  tests  were  performed 
at  the  A.  D.  Little  Test  Facility  in  Hinsdale,  New  Hampshire. 

Three  tests  were  performed  on  each  1/10,  1/5  and  1/3  scale  model 
and  four  tests  on  the  1/8  scale  model  (a  total  of  13  tests). 

In  the  first  test  series,  all  model  structures  withstood 
the  2,000  lbs.  equivalent  charge  prx ^ically  intact  except  for 
minor  cracks  in  the  back  wall.  In  the  second  test  series  (with 
3,n00  lbs.  equivalent  charge  weight),  the  model  structures 
suffered  only  minor  damage.  The  donor  panels  suffered  heavy 
damage  (through  less  than  incipient  failure)  but  the  acceptor 
panels  showed  only  minor  cracks.  In  the  third  test  series  (with 
5,000  lbs.  equivalent  charge),  both  the  donor  and  acceptor 
panels  suffered  heavy  damage  in  the  1/10  and  1/5  scale  models 
and  somewhat  less  damage  of  acceptor  panels  in  the  1/3  and  1/8 
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scale  models.  In  the  test  of  the  1/3  scale  model  --  since  explosive 
limits  prevented  using  more  than  a  3,000-lb.  equivalent  --  the 
charge  was  moved  closer  fn  the  wall  in  an  e  f  f  or  t  to  simulate  an 
impulse  equivalent  to  that  produced  by  5,000  lbs.  of  explosives. 

The  validity  of  scaling  was  shown  clearly  in  all  tests  with  compnrabl 
equivalent  charge  weight. 

All  tests  were  documented  by  high-speed  and  still  photography. 
Post-shot  measurements  of  wall  deflections  were  taken  for  each 
round.  For  1/5  and  1/3  scale  structures,  instrumentation  consisted 
of  strain  and  deflection  gages.  Both  types  of  gages  were  used  to 
determine  the  mechanism  of  dynamic  wall  failure  under  explosive 
loading  conditions.  The  deflection  gages  were  used  to  record  the 
time  history  of  the  deflections  of  the  back  walls.  A  complete 
report  covering  detailed  analysis  of  the  design  of  the  structure 
and  the  results  of  the  1/10  scale  bay  test  results  is  in 
Reference  7. 

Introduction 

At  the  request  of  the  Armed  Services  Explosives  Safety 
Board  (ASESB) ,  a  program  was  initialed  to  design  a  bay  structure 
of  certain  internal  dimensions  which  would  withstand  the  blast 
effects  of  an  explosion  of  2,000  lbs.  of  HE  (Composition  B) . 

Included  in  this  study  was  the  establishment  of  model  factors 
which  would  indicate  the  feasibility  of  using  model  scale  structures 
in  explosive  storage  and  manufacturing  problems  and  the  degree 
to  which  scaling  may  be  used  in  future  tests.  Therefore,  this 
program  used  model  scales  of  1/10,  1/P,  1/5  and  1/3  scales  of 
the  prototype  structures.  A  full-scale  prototype  structure  will 
be  tested  in  1966. 

Both  the  model  factors  and  the  explosive  storage  capabilities 
established  from  these  tests  will  be  applied  to  this  specific 
structural  configuration  and  therefore  may  be  considered  quantitative 

Test  Sot-Up 


Each  test  set-up  comprised  three  components: 

Donor  charges 

Instrumentation  (gages,  photographic  coverage) 
Test  structure 


Donor  Charges 


Charges  utilized  in  all  tests  were  bare  spherical  Composition 
B  charges.  Although  the  size  and  weight  of  charges  varied  from 
round- to-round ,  their  geometric  center  (whether  for  individual 
charges  or  in  cluster)  always  was  in  the  center  of  the  bay  -- 
midway  between  the  side  walls,  half-way  from  the  back  wall  and 
the  floor.  In  those  rounds  where  cluster  arrangement  was 
employed,  the  individual  charges  were  placed  in  a  plane  parallel 
to  the  back  wall.  Initiation  of  the  charges  was  accomplished  by 
means  of  Engineer* s  Special  Blasting  Caps  placed  in  a  radial 
hole  drilled  in  the  charge.  Physical  properties  of  the  donor 
charges  for  the  various  structures  is  in  Table  17. 

Inst rumen cat ion 


Photographic  Coverage  —  Two  types  of  photographic  coverage 
were  used:  still  photography  and  high-speed  motion  photography. 

The  still  photography  recorded  both  pre-shot  and  post-shot  test 
arrangements  and  results.  The  motion  pictures  were  used 
primarily  to  determine  the  damage  characteristics  of  the  test 
structure  including  secondary  fragment  velocities  and  fragment 
distribution.  Two  1 asic  motion  picture  arrangements  were  employed; 

Backboard  method 

Rear  face  (wall)  viewing  method 

The  primary  purpose  of  the  first  method  was  to  determine  fragment 
velocities  from  the  back  wall  if  any  were  formed  and  the  second 
method  recorded  the  manner  in  which  the  test  structure  was  damaged. 
The  first  motion  picture  technique  incorporated  the  use  of  a  16mm 
camera  and  a  wooden  tackboard.  The  camera  faced  the  backboard 
and  the  lir.e-of- sigtit  of  the  equipment  was  perpendicular  to  the 
path  of  fragments  from  the  test  structure.  Both  the  camera  and  the 
center  line  of  the  backboard  were  located  at  such  a  distance  that 
the  dust  formed  near  the  test  structure  did  not  obscure  the 
movement  of  the  fragments.  The  second  motion  picture  technique 
or  the  rear- face  viewing  method  recorded  a  rear  view  of  the 
damage  sustained  by  the  rear  surface  of  the  center  wall  from  the 
beginning  to  the  end  of  the  test.  Flash  shields  were  utilized  to 
restrain  the  gases,  smoke  and  dust  formed  by  the  explosion. 
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TABLE  17 

PHYSICAL  PROPERTIES  OF  EXPLOSIVES 
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Gages  --  Gages  were  used  only  in  the  1/3  and  1/5  scale  tests 
performed  at  the  A.  D.  Little  test  facility.  Two  kinds  of  gages 
were  used:  strain  gages  and  deflection  gages.  The  strain  gages 
were  cemented  directly  to  reinforcing  bars  at  critical  points 
within  the  structures  before  the  concrete  was  poured.  The 
gages  were  used  to  determine,  if  possible,  the  mechanism  of 
dynamic  wall  failure  under  explosive  loading  conditions.  The 
deflection  gages  were  linear  displacement  tranducers  which  operate 
on  the  principle  of  change  in  inductance  in  the  coils  of  a  linear 
differential  transformer  with  changes  in  position  of  the  core. 

The  transformer  units  were  mounted  on  a  concrete  block  isolated 
from  the  bay  while  the  probe  was  attached  to  the  bay  walls  by  rods. 
The  output  of  the  transducer  was  recorded  as  a  function  of  time 
so  that  a  complete  picture  of  the  wall  movement  vs.  time  was 
obtained  (Figure  72).  Description  of  the  instrumentation  in 
this  program  is  in  Reference  8. 

Description  of  the  Structure 

The  prototype  structure  is  so  designed  as  to  represent 
adjoining  cells  that  would  exist  in  an  actual  explosive 
manufacturing  facility  (Figure  73).  All  structural  components 
are  constructed  exclusively  of  reinforced  concrete  and 
comprise  chiefly  floor  slab,  back  wall  and  two  side  walls; 
the  front  and  top  of  the  structure  remain  open  to  the  atmosphere. 
The  overall  dimensions  of  the  prototype  structure  are:  40  feet 
in  length,  20  feet  in  depth  and  10  feet  in  height.  The  scaled 
model  bay  dimensions  were  determined  by  dividing  the  prototype 
by  the  scaling  factors.  Actual  dimensions  of  the  structures 
used  in  various  scale  models  are  in  Table  18.  A  composite 
(sandwich)  type  wall  construction  featuring  two  reinforced- 
concrete  panels  separated  by  a  sand  fill  is  utilized  in  the 
structure,  each  wall  having  an  overall  eight  foot  thickness 
(Figures  73  and  74).  The  cross-section  of  the  prototype 
structure  for  all  wails  is:  two-foot-thick  donor  panel, 
four- foot- thick  sand  fill  and  two- foot- thick  acceptor  panel. 

At  the  intersection  of  the  side  wall  and  the  back  wall,  a  sand- 
filled  cylindrical  cavity  extends  to  the  pedestal. 

At  the  exterior  of  the  bases  of  all  three  walls  are  reinforced 
concrete  haunches.  These  haunches  are  tied  to  the  remainder 
of  the  structure  by  reinforcing  steel.  Separating  each  concrete 
pane]  of  each  wall  at  the  base  are  reirforced  concrete  pedestals. 
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These  pedestals  are  connected  by  reinforcing  steel  both  to  the 
concrete  panels  and  to  the  floor  slab  thereby  forming  a  "tie 
beam".  Adjacent  to  the  walls  is  the  peripherial  floor  slab 
which  has  a  thickness  of  two  feet  (prototype)  and  which 
surrounds  the  ’’central  floor  slab"  the  latter  having  a  one. 
foot  thickness.  The  transition  between  the  two  thicknesses 
is  accomplished  by  means  of  an  intermediate  taper. 

Model  Scale  Test  Structures 

The  geometrical  scaling  method  was  utilized  for  determining 
the  size  of  the  test  specimen  (Reference  1).  Both  the  dimensions 
and  the  reinforcement  of  the  test  structure  were  scaled  in  accordance 
with  the  size  of  the  model.  The  dimensions  of  the  structure,  as 
well  as  the  sizes  and  the  spacing  of  the  reinforcing  bars,  were 
varied  in  direct  proportion  to  the  scaling  factor  of  the  model: 
the  cross-section  area  of  the  reinforcement  was  scaled  as  a 
function  of  the  square  of  the  scaling  factor.  If  (as  was 
inevitable  in  certain  instances)  the  exact  scale  bar  sizes  and 
spacing  could  not  be  provided  in  the  model  due  to  the  non¬ 
availability  of  the  particular  bar  or  wire  size  required, 
the  sizes  and  spacing  were  adjusted  to  furnish  the  proper  scaling 
of  the  reinforcement  area  --  thereby  maintaining  the  correct 
scaled  strength  of  the  structure. 

Basis  for  Design 

Sandwich  type  wall  construction  of  the  proportions  incorporated 
in  the  prototype  affords  efficient,  inexpensive  absorption  of  blast 
energy  by  reason  of  the  large  volume  of  the  low-cost  sand  in  the 
cavity  between  the  donor  and  the  acceptor  panels  (Figure  75). 

Although  the  sand  adds  mass  to  the  structure,  its  primary  purpose 
is  to  assist  the  concrete  panels  in  restraining  a  portion  of  the 
blast  impulse.  This  restraint  results  from  the  energy-absorbing 
capacity  of  sand  due  to  the  force  required  for  compacting  the  sand  -- 
for  displacing  the  individual  particles  toward  the  adjacent  interstices. 
A  pedestal  or  tie  beam  is  provided  at  the  base  of  the  wall  to  tie  the 
donor  panel  to  the  acceptor  panel  at  the  base  and  at  the  sides  thereby 
ensuring  a  completely  monolithic  wall. 
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A  haunch  or  curb,  which  is  non-integral  with  the  walls  but 
integral  with  the  floor  and  pedestal  slab,  was  included  at  the  base 
of  each  wall  of  the  1/10  and  1/8  ^rale  models  to  prevent  a  build-up 
of  the  reflected  pressure  due  to  the  blast.  Inserted  between  the 
vertical  face  of  the  haunch  and  the  panel  in  the  1/iO  scale  model 
only  was  a  resilient  filler,  the  purpose  of  which  was  to  cushion 
the  load  to  the  pedestal.  The  haunches  of  the  1/5  and  1/3  scale 
models  were  integral  with  the  walls. 

At  the  base  of  each  wall  panel,  a  lip  provided  anchorage  for  the 
vertical  reinforcing  bars  in  such  a  manner  that  both  of  the  panels 
acted  monoli thically  with  the  floor  slab.  The  end  panel  closures, 
by  reason  of  their  shear  action,  also  provided  a  certain  amount 
of  supplementary  strength  to  the  walls.  A  cylindrical  cavity  was 
provided  at  the  back  wall  to  prevent  concentrations  of  stress  at 
that  area. 

Extending  a  predetermined  distance  from  each  wall  was  the 
peripheral  floor  slab  having  a  thickness  to  develop  the  full  strength 
of  the  wall.  The  thickness  of  the  centra]  portion  floor  slab  was 
507o  that  of  peripheral  slab.  The  purpose  of  the  thinner  section  was 
to  reduce  construction  costs  and  to  have  the  applied  blast  loads  to 
be  borne  primarily  by  the  underlying  soil  instead  of  the  waLls. 

In  addition  to  the  main  horizontal  and  vertical  reinforcement, 
all  three  walls  contained  diagonal  shear  reinforcement  situated  in 
the  upper  portion  of  the  panel  where  shearing  stresses  were  greatest. 
Details  of  reinforcement  during  construction  of  the  1/10  and  1/3 
scale  bays  are  in  Figure  76. 

Discussion  of  Test  Structures 


General  --  The  discussion  of  this  bay  test  series  concentrates  on 
the  first  two  rounds  in  each  model  bay  with  2,000  and  3,000  lbs.  full- 
scale  equivalent  while  ^nly  a  limited  comparison  can  be  made  for  Round  2 
(5,000  lbs.  full-scale  equivalent)  because  of  different  set-ups  used 
in  this  round.  Also  the  emphasis  is  placed  on  discussing  the  back  wall 
of  the  bay  since  it  is  the  critical  section  of  the  structure.  A 
summary  of  test  results  is  in  Table  19.  The  maximum  deflections  of 
the  back  wall  in  all  models  is  in  Table  20,  Figure  77  shows  the  test 
set-up  of  each  of  the  scaled  bays  before  the  initial  test. 

Round  1  --  In  general,  the  four  structures  —  1/10,  1/8,  1/5 
and  1/3  scale  --  sustained  about  the  same  degree  of  damage  with  slightly 
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SUMMARY  OF  SCALE  MODEL  BAY  TEST  RESULTS 
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NOTES:  *  Limited  explosive  allowance  prevented  testing  at  full  charge;  therefore  charge  was  moved  closer  to  the 
back  wall  to  approximate  the  same  impulse  as  the  third  round  in  other  models. 

**  Medium  damage  -  Large  cracks;  local  crushing  and  surface  pitting. 

heavy  damage  -  Slightly  less  than  incipient  failure.  Abbreviation:  EW  -  Back  Wall 

Partial  destruction  -  Panel  breaks  up  into  few  large  sections. 
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permanent  deflection  of  previous  round. 

No  gage  installed. 

Estimated,  actual  deflection  beyond  calibration  of  gage. 


more  surface  spalling  of  the  donor  surface  of  the  donor  panel  in  the 
two  larger  (1/5  and  1/3  scale)  structures  (Figure  78).  This  was 
apparently  the  result  of  the  thicker  concrete  cover  of  the  reinforce¬ 
ment  in  the  bays  constructed  in  the  field  as  opposed  to  concrete 
cover  of  the  smaller  bays  (1/8  and  1/10  scale)  constructed  in  the 
laboratory.  Also,  the  need  for  conciete  patching  of  the  surfaces 
of  the  two  larger  bays  (1/3  and  1/5)  contributed  to  more  spalling 
of  these  bays.  The  major  cracks  in  the  back  walls  of  the  four  models 
were  similar.  Both  the  horizontal  and  vertical  reinforcements  were 
intact  in  the  back  walls  of  all  models. 

The  acceptor  panels  of  the  back  walls  of  the  two  larger  models 
showed  virtually  no  damage  while  verticla  cracks  were  formed  near 
the  centers  of  the  1/10  and  1/8  scale  models  (much  smaller  cracks 
in  1/8  scale  model)  (Figure  79).  These  cracks  were  formed  due  to 
the  vertical  settlement  of  the  center  of  the  back  wall  relative  to 
sections  of  the  structure  where  the  side  walls  intersect  the  back 
wall.  This  settlement  was  attributed  to  the  less  compacted  foundation 
soil  of  the  smaller  models  (structures  were  tested  on  fill)  than  that 
of  the  two  larger  models.  Cratering  of  the  floor  slab  was  relatively 
light  for  all  models  with  slightly  larger  depressions  occurring  in 
the  two  smaller  structures. 

Except  for  the  end  panels  which  restrain  the  sand  fill,  little 
or  no  damage  was  sustained  by  the  side  walls.  The  side  walls  of 
the  two  larger  structures  suffered  slightly  more  damage  than  the 
smaller  ones.  The  probable  reason  for  this  was  the  placing  of  the 
reinforcement  in  the  two  larger  models  closer  to  the  inner  surface 
of  the  panels  during  construction. 

Round  2 


The  reinforcement  of  the  donor  panel,  of  the  back  wall,  failed 
near  the  center  of  the  1/10  scale  structure  (above  the  floor  slab 
haunch).  The  reinforcement  in  the  remaining  three  structures  remained 
intact  although  shear  planes  were  formed  between  the  tension  and 
compression  reinforcement  in  the  area  where  the  1/10  scale  model 
rei.ni orcement  failed  (Figure  80).  The  formation  of  a  shear  plane 
resulted  in  a  reduction  of  wall  strength  as  if  the  steel  failed. 

The  size  of  the  shear  plane  formed  in  the  1/8  scale  model  was 
smaller  than  those  of  the  other  three  bays.  Shear  failure  of  the 
concrete  resulted  in  the  formation  of  relatively  large  displacements 
of  the  donor  panel.  This  in  turn  caused  excess  scabbing  (spalling 
due  to  large  straining  of  the  reinforcement  or  displacement  of  the 
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panel).  Spalling  of  the  donor  surfaces  of  the  donor  panels  of  the 
back  wall  was  quite  heavy  except  in  the  1/8  scale  model  where  a 
smaller  shear  plane  was  formed. 

The  vertical  cracks  in  the  acceptor  panels  of  the  back  wall  were 
quite  pronounced  in  the  two  smaller  (1/10  and  1/8  scale)  models 
(Figure  81).  Similar  but  smaller  cracks  were  formed  in  the  two 
larger  bays.  The  vertical  cracks  in  the  1/iO  scale  model  extended 
the  full  height  of  the  wall.  Formation  of  these  vertical  fissures 
eventually  caused  the  failure  of  those  structures  which  collapsed. 

In  all  models,  the  craters  formed  in  the  floor  slabs  enlarged 
appreciably  and  penetrated  the  slabs  and  displaced  the  subgrade. 

The  side  walls  of  all  models  suffered  appreciably  more  damage 
than  in  Round  1.  The  walls  of  the  two  larger  models,  particularly 
the  end  panels,  suffered  more  damage  than  the  smaller  (1/10  and  1/8) 
scale  models.  Here  again  the  method  of  pouring  the  concrete  --  which 
differs  in  the  fio^d  from  that  in  the  laboratory  --  apparently 
contributed  to  the  greater  damage  for  various  scale  models.  As  can 
be  seen  from  the  discussion  the  difference  in  the  damage  for  various 
scale  models  --  although  insignificant  --  can  be  attributed  primarily 
to  secondary  causes  such  as  the  method  of  pouring  different  foundation* 
(fill  vs.  consolidated  ground)  rather  than  to  scaling  factors.  In 
some  instances,  the  damage  was  greater  to  smaller  models;  in  others  to 
the  two  larger  models.  There  was  no  definite  pattern  indicating  that 
the  degree  of  damage  increased  or  decreased  with  the  size  of  the  scale 
model . 


Round  3 


A  comparison  of  various  models  can  be  done  only  superficially 
since  the  conditions  ot  testing  (cluster  of  charges,  charge  size 
limitation,  etc.)  were  not  exactly  the  same  for  all  scale  model  bays. 
For  the  three  larger  models  (1/8,  1/5  and  1/3  scale),  the  damage 
was  comparable  in  that  the  back  and  side  walls  of  the  donor  panel 
failed  (Figure  82)  while  the  acceptor  panels  remained  undamaged 
(Figure  83).  The  back  wall  of  the  1/10  scale  bay  failed  due  to  the 
enlargement  of  the  vertical  cracks  farmed  in  Round  1  and  the  eventual 
failure  of  the  horizontal  reinforcement.  Failure  in  the  1/10  scale 
bay  model  was  due  to  the  applied  blast  loads  to  the  side  walls  which 
induced  additional  tension  stresses  in  the  back  wall,  which  also 
contributed  to  its  failure.  The  additional  stresses  induced  by  the 
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side  wall  loads  were  in  excess  of  those  normally  incurred  because  of 
the  complete  failure  of  the  floor  slab.  A  portion  of  the  side  wall 
loads  are  usually  transferred  directly  through  the  slab  thereby 
relieving  ?.  large  part  of  the  loads  oh  the  back  wall. 

Round  4 

The  only  structure  tested  in  Round  4  was  the  1/8  scale  bay. 

The  purpose  ot‘  -his  test  was  to  investigate  the  bay's  ultimate  capacity 
by  subjecting  it  to  7, SCO  lbs.  of  HE.  As  expected,  the  structure 
failed  in  a  similar  manner  as  the  1/10  scale  bay  in  Round  3  (splitting 
Of  the  back  wall,  Figure  84).  The  splitting  action  resulted  in 
complete  collapse  of  both  the  donor  and  acceptor  panels.  It  should 
be  noted  that  although  the  back  wall  failed  no  large  quantities  of 
small  fragments  resulted  from  the  failure  of  the  structure.  Both 
panels  of  the  wall  broke  into  two  large  sections  each  of  which 
rotated  about  its  support  and  transferred  most  of  the  overload 
momentum  into  the  ground  at  the  rear  of  the  structure. 

Conclusions 

The  validity  of  scaling  was  clearly  shown  in  all  tests  with 
comparable  equivalent  charge  weights. 

All  structures  withstood  the  2,000  lbs,  equivalent  charge 
practically  intact . 

All  structures  withstood  the  blast  resulting  from  the  3,000  lbs. 
equivalent  charge  weight  with  only  minor  damage.  The  donor  panels 
suffered  heavy  damage  but  the  damage  to  acceptor  panels  was  only 
minor. 

All  bays  (except  1/10  scale  bay)  suffered  less  than  incipient 
failure  (acceptor  panels)  when  subjected  to  a  load  of  5,000  lbs. 
equivalent  charge.  The  1/10  scale  bay  failed  in  the  third  round 
(with  4,250  lbs.  equivalent  charge)  because  of  the  center  crack 
formation  in  the  first  round.  The  crack  formation  was  attributed 
primarily  to  the  soft  ground  under  *:he  cubicle  usually  not 
encountered  in  actual  construction. 

As  designed,  the  structure  will  withstand  a  much  heavier  load 
than  the  2,000  lb.  design  capacity  before  it  reaches  the  incipient 
failure  condition. 


& 
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TEST  PLAN  FOR  FULL-SCALE  BAY  STRUCTURE 


Objective 

The  purpose  of  the  full-scale  bay  test  is  to  evaluate  the 
prototype  of  a  20  x  40  foot  explosive  manufacturing  bay  structure 
designed  to  contain  2,000  lbs.  of  HE,  The  full-scale  bay  tost 
is  an  extension  of  the  model  tests  performed  on  similar  structures 
of  smaller  scale. 

Background  and  Introduction 

Previous  tests  utilizing  scale  models  (1/3,  1/5,  1/8  and  1/10) 
of  the  prototype  test  structure  indicated  that  the  bay  structure 
would  survive  the  blast  effects  of  2,000  lbs.  of  explosives  at  the 
center  of  the  cell.  Based  on  the  results,  the  data  from  the  full- 
scale  structure  test  will  be  used  to  evaluate  the  scaling  relationships 
between  full-scale  and  scale  model  cubicle  structures.  The  evaluation 
will  be  made  in  terms  of  structure  response  such  as  deflections, 
strains,  damage  pattern,  type  of  fracture,  etc. 

Recent  explosive  situations  established  a  need  for  a  blast- 
resistant  structure  capable  of  confining  explosive  output  of  donor 
charge  in  the  order  of  5,000  lbs.  Scale  model  tests  of  the  present 
configuration  of  the  bay  structure  indicated  that  this  structure  is 
capable  of  resisting  without  failure  the  explosive  output  to  5,000  lbs. 
of  HE.  This  test  will  be  used  to  verify  the  model  results  when  applied 
to  an  actual  situation. 

Instrumentation 


Camera  coverage  will  be  the  same  as  the  one  used  in  the  scale 
model  bay  tests. 

Deflection  Gages  --  A  total  of  18  linear  transducers  will  be  used 
to  measure  deflection  at  various  points  on  the  walls  of  the  structure 
in  addition  to  the  measurement  of  the  movement  of  the  base  slab. 

The  gages  attached  to  the  wall  will  be  located  at  two  elevations. 

All  gages  will  have  either  a  10-inch  stroke  (SS-582)  or  6-inch 
stroke  (SS-580). 
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Peak  Pressure  and  Impulse  Gages  --  Measurements  will  be 
made  of  pressures  and  impulses  ranging  from  40  to  0.5  psi.  The 
number  and  position  of  the  gages  will  be  established  by  the  test 
personnel . 

Procedure 


Test  Structure  The  test  structure  is  a  full-scale  prototype 
of  the  scale  model  structures  used  in  the  scaled  bay  tests 
described  previously. 

Donor  Explosives  --  Based  on  results  of  previous  scale  model 
tests,  it  is  anticipated  that  three  rounds  of  tests  will  be  performed. 
The  first  round  will  detonate  a  2,000  lbs.  spherical  Composition  B 
charge  located  at  the  center  of  the  donor  cell  and  suspended  from 
the  wall  of  the  structure.  The  second  and  third  rounds  will  depend 
on  the  results  of  Round  1.  If  the  results  from  Round  1  are  similar 
to  those  in  the  scale  model  bay  test,  then  Round  2  and  3  will  use 

3,000  and  5,000  lbs.,  respectively.  (Round  3  will  again  depend  on 

results  of  Round  2).  The  donor  used  in  the  second  round  will  be 
spherical  Composition  B  single  charge  while  Round  3  will  consist  of  a 

number  of  50-lb.  light-cased  charges  whose  total  weight  will  be 

5,000  lb£. 

Data  to  be  Obtained  from  the  Test 


Description  of  post-shot  damage  will  include  size  and  number 
of  cracks  and  their  locations,  measurement  of  wall  deflection,  time 
history  of  wall  deflection  and  gage  reading. 


Still 


and  motion  pictures  will 


be  taken  during  the  test. 
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SECTION  3 


1/3  SCALE  MODIFIED  C-13  CUBICLE  TEST  FLAN 

The  main  purpose  of  this  scale  model  test  is  to  demonstrate 
the  use  of  new  design  and  construction  techniques  developed  in 
component  (slab)  tests  for  use  in  reinforced-concrete  cubicle  storage 
facilities.  In  addition,  the  test  was  designed  to  investigate  physical 
wall  damage  by  measuring  the  maximuni  and  permanent  wall  deflections 
and  to  measure  fragment  velocities  and  masses. 

The  anticipated  test  is  part  of  a  series  of  1/3  scale  model  tests 
designed  to  provide  qualitative  and  semi-quantitative  information  on 
the  resistance  of  concrete,  structural  steel,  sand  and  composite 
dividing  walls  subjected  to  explosive  output.  Some  component  (slab) 
tests  using  walls  which  will  be  used  in  this  test  were  already 
performed  during  the  Slab  Response  Test  Series  3  (Rounds  13-16). 

Test  Set-Up 

These  items  will  be  included  in  the  test  set-up: 

Test  cubicle 
Donor  charge 

Photographic  coverage  (still  and  motion  pictures) 

Deflection  gages  to  record  the  maximum  and  permanent 
de  flections 

A  sketch  showing  the  Modified  C-13  Cubicle  is  presented  in  Figure  85. 
The  test  structure  is  a  1/3  scale  modified  version  of  C-13  test  cubicle 
used  in  the  ASESB  Dividing  Wall  Test  Program  (Reference  9).  Both  the 
inside  dimensions  of  the  cubicle  and  the  overall  thickness  of  its  walls 
are  scaled  in  accordance  with  those  of  the  full-scale  cubicle.  All 
three  walls  of  the  structure  are  a  composite  type  consisting  of 
reinforced  concrete  ",nd  sand.  The  scaled  heights  of  the  walls  were 
increased  above  those  of  the  original  design  to  allow  room  for  the 
additional  bridge  tie  supports.  The  composite  walls  consist  of  two 
layers  of  concrete  each  6  inches  thick  with  8  inches  of  sand  between 
them  (corresponding  to  a  prototype  structure  of  1  1/2  -  2  -  1  1/2 
feet  as  opposed  to  1-3-1  feet  in  the  original  C-13  structure).  In 
addition  to  the  conventional  support  (floor  and  back  wall),  the  side 
walls  also  are  supported  by  three  horizontal  ties  near  the  top  of 
the  walls.  The  base  slab,  acting  as  the  lower  support  for  all  three 
walls  of  the  structure,  varies  in  thickness  from  a  minimum  of  six 
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inches  in  the  center  portion  of  the  cell  to  a  maximum  of  19  inches 
beneath  the  intersection  of  the  side  and  back  walls. 

The  explosive  will  consist  of  10-lb.  cased  cylindrical  charges 
of  Composition  B  (similar  to  those  used  in  the  1/3  scale  C-10  cubicle 
test).  The  charges  are  to  be  detonated  simultaneously  with  Engineer's 
Special  Blasting  Caps  and  booster  charges  of  Composition  C.  The 
charges  will  be  positioned  and  mounted  on  a  four-inch  high  plastic 
foam  block. 

Camera  coverage  will  consist  of  still  and  motion  picture.  A 
total  of  nine  high-speed  (16mm)  cameras  will  be  used  in  three  basically 
different  positions  (backboard,  rearface  viewing  and  site  viewing) 
plus  one  camera  for  overall  view  of  the  event. 

A  total  of  18  deflection  gages  will  be  used  (10  with  a  6-inch 
deflection  range  and  eight  with  a  10-inch  deflection  range).  Purpose 
of  these  gag*2s  is  to  obtain  the  deflection  history  of  the  cubicle 
walls  and  overall  movement  of  the  structure  as  a  result  of  the 
explosion.  The  deflection  gages  to  be  used  are  linear  displacement 
transducers  previously  described. 


SECTION  4 


Objective 


WE  A  PON-TO  -  V/EA  PON  PROPAGATION  TESTS 


Purpose  of  this  test  series  was  to  determine  the  practicability 
of  compartmenting  standard  igloos  with  sandbags  for  storing  small 
nuclear  warheads  to  prevent  propagation  of  explosion  from  one 
compartment  to  another. 

Introduction 


A  test  series  was  performed  at  the  request  of  the  Defense 
Atomic  Support  Agency.  Four  tests  using  bare  ?BX  spherical  charges 
in  cans  were  performed  in  1964  and  results  are  in  References  3  and 
10.  Since  the  results  with  bare  charges  showed  them  to  have 
extremely  high  sensitivity  (propagation  occurred  even  with  a 
single  50-lb,  donor  charge),  it  was  decided  to  test  an  actual 
weapon  configuration  using  a  test  layout  in  the  igloo  similar  to 
the  initial  tests  but  only  using  sandbags  for  compartmenting. 

Major  technical  support  and  procurement  of  reject  or 
simulated  weapons  for  all  these  tests  was  provided  and  arranged  by 
Picatinny  Arsenal  personnel.  These  test  (as  the  initial  ones) 
were  performed  at  the  U.  S.  Naval  Ammunition  Depot  (NAD),  Hastings, 
Nebraska . 

Results 


Tests  5-10  were  performed  in  February  1965.  The  igloo 
compartment  layout  is  in  Figures  86  and  87.  (The  use  of  plywood 
supporting  the  sandbags  was  discontinued  at  this  point) . 

In  Test  5  donor  and  acceptor  weapons  consisted  of  mockup  Mk45 
c'nd  Mk48  jeapons  made  from  rejected  metal  parts  placed  in  simulated 
H-815  storage  containers  and  XM467  packing  case,  respectively. 

The  donor,  consisting  of  two  Mk48  mockup  weapons,  was  placed  in 
Cell  4  and  the  charges  were  detonated  simultaneously.  The  igloo 
was  completely  collapsed  but  the  back  wall  was  virtually  undamaged. 
All  the  weapon  containers  were  bent  and  caved  in.  However,  most 
of  the  weapon  acceptors  were  found  undamaged  when  removed  from 
the  containers.  No  propagation  occurred  to  any  of  the  acceptors. 
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In  Test  6  (with  identical  igloo  layout),  two  Mk48  Simulators 
wore  used  in  place  of  mockups.  Otherwise  everything  was  identical 
with  Test  5.  The  damage  to  the  igloo  and  the  weapons  was  about 
the  same  as  in  the  previous  test. 

In  Test  7,  three  Mk48  Simulators  were  placed  in  the  oonor 
cell.  The  test  layout  acceptor  configuration  was  identical  to  those 
of  previous  tests.  No  propagation  of  detonation  occurred  to  any 
of  the  acceptor  charges.  All  acceptors  were  recovered  from  their 
packing  cases  undamaged. 

In  Test  8,  one  Mk45  mockup  in  its  packing  case  was  used  as 
the  donor.  The  acceptor  configuration  in  Cell  11  had  two  Mk48 
mockup  weapons  in  their  packing  containers  while  Cell  1  contained 
only  one  Mk45  mockup  weapon  in  its  packing  container.  No 
propagation  occurred  to  any  of  the  acceptor  weapons.  Although 
the  two  Mk48  acceptors  (in  their  XM467  containers)  were  slammed 
against  the  back  wall,  the  mockups  were  apparently  undamaged. 

Other  weapons  also  were  found  undamaged  after  removal  from  their 
damaged  packing  containers. 

Since  a  number  of  Kk48  had  been  recovered  in  undamaged 
condition  it  was  decided  to  obtain  additional  information  about 
the  propagation  characteristics  of  these  Mk48  units.  Two 
additional  igloos  were  made  available  for  these  tests,  which 
were  performed  without  partitioning  the  igloos  as  in  previous  tests. 
Reference  10  gives  the  results  of  these  tests  which  are  classified. 

The  first  eight  tests  were  equipped  with  Kistler  transducers 
to  record  pressure  time  history  of  the  detonation  at  various  points 
in  the  igloo.  A  comparison  of  the  expected  reflected  pressure  wTith 
actual  recorded  pressures  shows  that  in  general  the  actual 
pressures  are  slightly  higher  than  had  been  expected  on  the  basis 
of  predicted  pressures  in  Reference  10.  Reflections  within  the 
igloo  and  from  the  dividing  walls  (sandbags)  could  account  for 
these  higher  values.  However,  the  data  seems  to  be  consistent 
within  itself  except  for  a  few  readings  in  Test  6.  A  summary 
of  pressure  data  in  this  test  series  is  contained  in  Reference 
10,  Table  VI. 

The  fourth  and  final  series  was  conducted  at  NAD  in  May 
1965.  This  series  consisted  of  18  tests  -«  the  main  objective 
being  to  establish  the  threshold  level  for  propagation  through 
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sandbag  walls  two- feet-thick  to  selected  weapons  in  normal 
storage  configurations.  The  results  indicate  that  sandbag- 
dividing  walls  constructed  in  explosive  storage  structures 
significantly  decrease  the  probability  of  propagation  of  an 
accidental  HE  weapon  detonation  through  the  walls  to  other 
weapons.  The  details  of  this  test  series  are  in  Reference 
which  is  classified. 


SECTION  5 


EVALUATION  OF  STEEL  PROTECTIVE  CYLINDER 


The  purpose  of  this  test  was  to  provide  qualitative  information 
on  the  possible  improvement  of  Existing  reinforced  concrete  explosive 
storage  magazines  by  the  addition  of  steel  cylinders  in  the  existing 
donor  and  acceptor  cubicles,  A  1/3  scale  model  test  was  designed 
to  investigate  physical  damage  to  the  acceptor  cylinder  and  to  measure 
wall  fragment  velocities  resulting  from  the  detonation  of  16  lbs. 

(430  lbs.  equivalent  in  the  full-scale  structure)  of  the  donor  in  a 
corrugated  steel  cylinder  within  the  cubicle. 

The  test  was  performed  in  January  1965  at  NOTS,  using  the 
steel  tunnel  test  facility.  Still  and  high-speed  motion  cameras  were 
used.  Figures  88  and  89  show  the  test  set-up.  Round  1  consisted  of 
a  donor  charge  (16  lbs.)  located  inside  the  scaled-down  corrugated 
pipe  with  another  corrugated  pipe  located  inside  the  tunnel  as  an 
acceptor.  The  acceptor  was  separated  from  the  donor  pipe  by  a  scaled- 
down  standard  reinforced-concrete  slab  located  at  the  opening  of  the 
support  tuinei.  This  round  was  to  investigate  the  effects  of  blast 
and  fragments  on  a  steel  cylinder  in  the  acceptor  cell.  The  16-lb. 

HE  charge  (which  was  detonated  from  both  ends  simultaneously) 
resulted  in  a  complete  destruction  of  the  donor  cylinder  and  test 
slab.  The  acceptor  cylinder  was  so  collapsed  that  the  opposite 
sides  touched  each  other  at  the  center  (Figure  90). 

The  test  result  was  considered  a  failure.  To  investigate 
the  possibility  that  the  excessive  damage  to  the  acceptor  cylinder 
resulted  from  possible  jetting  action  caused  by  initiation  of  the 
donor  at  both  ends  simultaneously,  the  test  was  repeated  with 
donor  charge  detonated  at  one  end  only.  The  only  available 
steel  cylinder  was  used  in  the  acceptor  cell.  However,  detonation 
of  the  donor  resulted  in  the  same  type  of  damage  as  with  the 
first  round  (Figure  91). 

From  the  test  results  thus  far,  no  final  estimate  of  the  effect 
of  using  a  steel  cylinder  could  be  made.  The  basis  on  which  the 
recommendation  was  originally  made  apparently  was  overly  optimistic. 
After  recalculation  of  the  design  parameters,  an  additional  test 
will  be  performed  if  it  appears  that  an  economic  advantage  is 
still  possible. 
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SECTION  6 


EVALUATION  OF  ACCEPTOR  SENSITIVITY 


Objective 

The  primary  purpose  of  these  tests  was  to  determine  the 
sensitivity  of  various  HE  warheads  when  subjected  to  multiple 
overpressure  shock  waves. 

Background 

Results  of  weapon- to-weapon  propagation  teste,  in  1964  and  1965 
indicated  that  one  possible  cause  of  detonation  propagation  was 
initiation  of  acceptors  by  the  overpressure  resulting  from  the  shock 
interaction.  To  further  evaluate  the  problem  of  safe  storage  of 
weapons  in  subdivided  igloos,  it  became  necessary  to  evaluate  the 
sensitivity  of  certain  specific  charges  cr  weapons  to  high  over¬ 
pressure  applied  to  the  outside  of  the  weapon  in  such  a  manner  that 
initiation  might  be  caused  by  collapse  of  a  steel  container  around 
an  explosive  charge  at  distances  greater  than  those  at  which 
sympathetic  detonation  might  be  expected  solely  from  blast 
pressures.  The  specific  purpose  of  this  test  series  is  to  investigate 
the  initiation  of  an  acceptor  by  pressure  and  shock  conditions 
similar  to  those  existing  in  an  earth  covered  igloo. 

Test  Procedure 

This  test  series  will  consist  of  detonating  four  32-lb.  spherical 
donor  charges  in  a  symmetrical  array  around  HE  warhead  systems 
(Figure  92).  The  test  series  will  be  divided  into  two  groups: 

A.  Calibration  tests  consisting  of  five  or  six  tests 
using  a  dummy  acceptor  instrumented  with  four  pressure  transducers. 
Figure  93  shows  the  gage  placement  to  be  used.  Donor  spheres 
will  be  placed  in  a  symmetrical  array  at  positions  which,  it  is 
predicted,  will  produce  specific  overpressures.-  It  is  intended 

to  develop  a  calibration  curve  from  this  group  of  tests  covering 
pressures  at  the  acceptor  from  3C0  to  4,000  psi. 

B.  The  second  group  of  tests  will  consist  of  about  20 
to  25  tests.  Donor  charges  will  be  placed  at  a  distance  which 
will  produce  a  specific  overpressure  (from  the  calibration  curve 
developed  by  Group  A  tests)  at  the  HE  warhead  acceptor  (in  shipping 
container).  If  the  warhead  detonates,  the  test  will  be  repeated 

at  lesser  over-pressures  until  no  detonation  occurs.  If  detonation 
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does  not  occur  on  the  first  test,  the  tests  will  be  repeated  at 
successively  higher  overpressures  until  detonation  does  occur. 

High-speed  camera  coverage  will  be  utilized  on  Group  A 
tests  to  ascertain  that  all  donor  charges  detonate  simultaneously  . 
No  high-speed  camera  coverage  or  blast  overpressure  measurements 
will  be  required  on  Group  B  tests. 
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SECTION  7 


DEVELOPMENT  OF  DESIGN  PROCEDURES  FOR 
REINFORCED  CONCRETE  STRUCTURES  UTILIZED  IN 
EXPLOSIVE  STORAGE  AND  MANUFACTURING  FACILITIES 


This  section  summarizes  the  work  being  conducted  in  connection 
with  the  development  of  tentative  procedures  for  the  design  of  reinforced 
concrete  structures  used  in  explosive  storage  and  manufacturing 
facilities.  A  brief  discussion  of  the  elements  involved  in  the  design 
is  followed  by  a  presentation  of  a  portion  of  test  results  utilized 
in  the  development  of  these  procedures. 

Donor  System 

Because  of  the  nature  of  the  confinement  of  an  explosion 
within  a  cubicle,  the  blast  loads  acting  within  the  structure  will 
be  characterized  by  extremely  high  overpressures.  However, 
because  of  the  short  durations,  structures  can  be  designed  for 
the  dynamic  impulse  loading  rather  than  for  the  peak  overpressures 
required  for  the  relatively  long  duration  associated  with  a  nuclear 
explosion. 

In  confined  quarters,  there  will  exist  a  multiplication  of 
initial  blast  output  (free  air  pressure)  due  to  blast  interaction 
with  the  various  reflecting  surfaces  (floor,  walls,  roof,  etc.) 
within  the  structure.  At  any  given  point  on  a  particular  reflecting 
surface,  the  total  impulse  is  a  result  of  contributions  from  that 
surface  and  from  adjacent  reflecting  surfaces.  This  total  impulse 
is  greater  than  that  produced  by  the  particular  surface  alone 
but  is  less  than  the  t ^tal  addition  of  each  reflecting  impulse 
contribution. 

At  present,  analyses  using  manual  calculations  are  available 
which  predict  the  impulse  loads,  including  the  previously 
mentioned  contributions.  Figure  94  shows  some  curves  obtained. 

In  these  curves,  the  individual  impulse  load  for  a  given  scaled 
distance  is  an  average  value  of  the  loads  applied  to  various 
points  on  the  surface  of  the  wall.  This  average  impulse  load  is 
dependent  on  the  particular  cubicle  arrangement  and  the  specific 
charge  location. 
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Although  the  predicted  loads  are  determined  by  a  semi- 
empirical  procedure  which  does  not  account  for  the  actual  wave 
interaction  phenomenon,  past  tests  have  substantiated  the  end 
results  of  the  analyses  (future  tests  are  contemplated).  In 
Tables  21  and  22,  the  average  value  of  the  impulse  loads  as 
calculated  by  the  semi-empirical  procedure  were  compared  with 
results  of  cubicle  tests  performed  at  the  Naval  Weapon 
Laboratories  (Reference  2).  The  individual  test  results  of 
Table  21  and  22  represent  an  average  value  of  individual  impulse 
gage  readings  for  one  particular  wall  in  one  specific  test. 

The  hand  calculations  are  now  being  supplemented  by  more 
detailed  computer  analyses.  The  analytical  impulse  loads 
will  include  a  wide  variation  of  the  chart  variables,  structure 
configuration  and  size,  charge  location  and  charge  weight. 

Insofar  as  blast  pressures  at  the  exterior  of  the  explosive 
structure  are  concerned,  a  recommended  procedure  for 
determining  the  design  pressure  blast  loads  for  other  structures 
located  in  the  vicinity  of  the  structure  containing  the  explosive 
donor  system  was  developed.  The  recommended  loads  are  based  on 
theoretical  relationships  in  addition  to  the  data  from  the  test 
results . 

Protective  Barricades 


The  required  capaci.ty  of  a  barrier  for  a  particular  mode  of 
action  is  calculated  by  equating  the  potential  energy  of  the  barrier 
to  the  kinetic  energy  associated  with  the  momentum  of  the  barrier 
resulting  from  the  applied  blast  load.  In  the  cases  where 
structural  integrity  is  maintained,  the  potential  energy  of  the 
barrier  is  in  the  form  of  flexural  a;vion  of  the  structural 
barrier  plus  energy  attenuation  through  absorbing  materials 
used  in  sandwich  construction.  For  those  structures  where 
collapse  is  permitted,  the  potential  energy  of  the  barrier  is 
expressed  in  terms  of  the  flexural  action  and  energy  absorption 
plus  the  kinetic  energy  of  the  discharge  fragments. 

An  example  of  a  manual  calculation  giving  the  response  of 
a  back  wall  of  a  cubicle  is  in  Reference  7.  This  example  indicates 
the  method  of  computing  the  wall  resistance,  mass  resistance 
deflection  and  other  dynamic  properties.  These  are  :n  turn 
used  to  calculate  the  wall  impulse  capacity.  For  incipient 
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TABLE  21 

COMPARISON  OF  CALCULATED  AVERAGE  IMPULSE  WITH  TEST  RFSULTS  (BACK  WALL) 
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For  Glossary  of  Terms  See  Table  21 


failure  criteria,  the  impulse  capacity  of  the  vail  is  equal  to  the 
impulse  of  the  applied  loads  of  the  blast,  whereas  for  personnel 
protection  the  impulse  capacity  of  the  wall  must  be  substantially 
larger  than  that  of  the  applied  loads. 

The  procedure  for  determining  the  response  of  reinforced- 
concrete  cubicle  type  structures  to  explosives  was  derived  from 
experimental  data  from  both  cubicle  model  tests  and  component  slab 
test  (1/3  scale  slab  test)  performed  in  conjunction  with  this 
program.  Also  developed  with  these  tests  were  special  detailing 
methods  necessary  to  obtain  strength  and  ductility  in  excess  of 
values  associated  with  standard  construction. 

Table  23  is  a  comparison  of  the  results  of  a  selected  number 
of  slab  tests  with  the  results  from  analytical  procedures.  In  the 
semi-empirical  analyses  the  actual  permanent  deflections  of  the 
slabs  as  determined  from  the  test  results  were  used  to  evaluate 
the  slab  impulse  capacities.  These  impulse  capacities  were  then 
compared  to  the  empirical  impulse  loads  previously  described. 

The  methods  of  calculation  of  impulse  capacity  for  back  and  side 
walls  of  cubicle  structures  are  t^ing  adapted  for  computer  analyses. 
From  the  results  of  these  analyses,  design  curves  will  be  available 
which  will  plot  impulse  capacities  for  various  concrete  wall 
geometries  (length,  height,  thickness  percent  tension  reinforcement, 
shear  reinforcement,  sandwich  construction,  etc.).  The  calculated 
charge  capacities  were  based  on  impulse  loads  from  semi-empirical 
impulse  charts. 

Model  Tests 


Upon  completion  of  the 
back  and  side  walls)  will  be 
The  models  will  be  tested  to 


design  charts,  selected  panels  (both 
used  to  design  model  cubicle  structures, 
verify  the  design  procedure. 
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COMPARISON  OF  RESULTS  OF  REINFORCED  CONCRETE  SLAB  TESTS 
WITH  CALCULATED  CHARGE  CAPACITIES 
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NO  SIDE  WALLS  ^TYPE  1)  TWO  SIDE  WALLS  (TYPE  2) 
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FIGURE  2 

STEEL  SUPPORT  TUNNEL  SHOWING 
TEST  SLAB  AND  CHARGE 
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FIGURE  3 

CAL  SUPPORT  TUNNEL  AND  CAMERA  SETUP 


FIGURE  4 

OVERALL  VIEW  OF  SLAB  SUPPORT  STRUCTURE 
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FIGURE  S 

OVERALL  VIEW  OF  REINFORCEMENT 
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FIGURE  10 

I  NSTRUtOTATI  OR  SUPPORTS 
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FIGURE  13 

ROUND  14-1  --  STANDARD  SLAB 
10  LBS.  HE,  Z  =  1.5 


FIGURE  14 

ROUND  2-1  --  STRENGTHENED  SLAB  2 
10  LBS.  HE  Z  =  0.5 
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ROUND  1-1 
10  LBS. 


FIGURE  15 

--  STRENGTHENED  SLAB 
HE  Z  =  1.25 
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FIGURE  16 

ROUND  4-1  --  STRENGTHENED  SLAB  3 
10  LBS.  HE  Z  =  0.5 
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FIGURE  17 

ROUND  3-1  --  STRENGTHENED  SLAB  3 
10  LBS.  HE  Z  =  1.25 
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FIGURE  18 

ROUND  5-1  --  STRENGTHENED  SLAB  4 
10  LBS.  HE,  Z  =  0.5 
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FIGURE  19 

ROUMD  S-1  --  STRENGTHENED  SLAB  4 
20  LBS.  HE  Z  =  0.5 
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FIGURE  20 

ROUND  9-1  --  STRENGTHENED  SLAB  6 
20  LBS.  HE,  Z  =  0.5 


92 
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FIGURE  21 

ROUND  8-1  --  STRENGTHENED  SLAB 
20  LBS.  HE  Z  =  1.25 


FIGURE  22 

ROUND  12-1  --  STRENGTHENED  SLAB  7 
30  LBS.  HE  1  =  0.5 


FIGURE  23 

ROUND  11-1  --  STRENGTHENED  SLAB  8 
30  LBS.  HE  Z  r  0.5 
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ROUND  7-1 
20  LBS 


FIGURE  24 

--  COMPOSITE  SLAB  2 
.  HE  Z  =  0.5 
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FIGURE  25 

ROUND  10-1  --  COMPOSITE  SLAB  3 
30  LBS.  HE  Z  =  0.5 
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FIGURE  26 

ROUND  13-1  --  COMPOSITE  SLAB  4 
30  LBS.  HE  Z  =  0.4 
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FIGURE  27 

ROUND  16-1  --  COMPOSITE 
30  LBS.  HE  Z  =  0 


SLAB  5 
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FIGURE  28 

ROUND  18-1--C0MP0S1 TE  SLAB  6 
30  LBS.  HE  Z  =  0.4 
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FIGURE  29 

ROUND  19-1  --  COMPOSITE  SLAB  6 
40  LBS.  HE  Z  =  0.4 
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FIGURE  30 

ROUND  15-1  --  COMPOSITE  SLAB  7 
30  LBS.  ME  Z  =  0.5 
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FIGURE  31 

ROUND  17-1  --  COMPOSITE  SLAB  8 
30  LBS.  HE  Z  =  0.5 
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IGURE  42A 
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END  VIEW 
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FIGURE  42 D 
ROUND  11  -  COMPOSITE  SLAB 
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FIGURE  48 

ROUND  1  --  STRENGTHENED  SLAB  4 
20  LBS.  HE  Z  =  1.25 

TESTED  AS  BACK  WALL  OF  CUBICLE 


FIGURE  49 

ROUND  2  --  STRENGTHENED  SLAB  4 
20  LBS.  HE  Z  =1.25 
TESTED  AS  BACK  WALL  OF  CUBICLE 
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3  - 


ROUND 
20  LBS 
TESTED  AS 


FIGURE  50 

STRENGTHENED  SLAB  4 
HE  Z  =  0.55 

BACK  WALL  OF  CUBICLE 
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FIGURE  51 

ROUND  4  --  STRENGTHENED  SLAB  4 
20  LBS.  HE  Z  =  1.6 
TESTED  AS  BACK  WALL  OF  CUBICLE 


FIGURE  52 

ROUND  5  --  STRENGTHENED  SLAB  4 
90  LBS  HE  Z  =  0.44 
TESTED  AS  SIDE  WALL  OF  CUBICLE 
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0 

20  LBS 
TESTED  AS 


FIGURE  53 

STRENGTHENED  SLAB  4 
HE  z  -  o  8 
SIDE  WALL  OF  CUBICLE 
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ROUND  11  - 
20  LBS. 
TESTED  AS 


FIGURE  54 

STRENGTHENED  SLAB  4 
HE  Z  -  1  25 

SIDE  WALL  OF  CUBICLE 
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FIGURE  55 

ROUND  9  --  STRENGTHENED  SLAB  4 
20  LBS.  HE  Z  =  0.55 

TESTED  AS  BACK  WALL  OF  CUBICLE 
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ROUND  7  -- 
20  LBS. 
TESTED  AS 


FIGURE  56 

STRENGTHENED  SLAB  4 
HE  Z  --  0.8 
BACK  WALL  OF  CUBICLE 
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FIGURE  57 

ROUND  10  --  STRENGTHENED  SLAB  4 

?0  I  R<$  OF  7  _  1 

TESTED  AS ‘BACK  WALL  OF~CUBICLE 
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FIGURE  58 

ROUND  8  --  STRENGTHENED  SLAB  4 
20  LBS.  HE  Z  =  1.0 
NO  CUBICLE  ARRANGEMENT 
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FIGURE  59 

ROUND  12  --  STRENGTHENED  SLAB 
30  LBS.  HE  Z  =  0.4 
TESTED  AS  BACH  WALL  OF  CUBICI. 
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FIGURE  GOA 


mm 


$  r/n 


COCO 
L*J !  .> J 


4  ■* 


i 


) 


i  3  o 


l 

i 


A/ 


•  H  4  %  w  **■. 


rrr^ 


t; 


— J 
CO 


CO 


C.7i 

LjJ 

SLiOl — I — 

UJ  •  CO 

srJO^siiJ 

i —  «s£H- 

CD  n_J 
m  COUJ 

ujrvj  _J 

(2t  U1  «=££ 

I—  —JO 

t  «scco  <cco 

'  <Ni  O  CO 

\  XQ  +  COCOf— 


UJt—  UJOr-  r3 

.  Cii  2— r~*  CO 
1  30  SCSLiJ 
CD2Z  »t—  2ZQZ 

—  roea  — 

MtO-JL-Q 

CO  o 

UJLOZZQ- 
— J  »OCO 


<OWLsJ 

O 

— 

CO 

CZ1CZ 

«*2CO 

o 

o_o 

T~ 

rl 

s 

o 

r“ 

o 

rats*  .vs 


l— CO 

CjOIjJ 


~  CC.OD 
I —  <3:  L«  J 
CD  1-0 _ !  :— 


L.O  O  L-J 
rt  Lvi  ..j 
h“  il _ t ^ 

CO  fO  <2:  o 

CM  hs5  C  Ji  CO 
fO  •»  CO 
■*—  CO 


Si 


I 


CO 


m  co 

h-LU 

— cz. 


—ICO 

CO 


I— CO 
COLU 


LsJ 
LU— I 
CO— l-C 
CO -SCO 
OCO 
LlJCO 
CZ  CO 
DO\ 

COr-T— 

Ll_t— CD 

S 


OQ 


SO 
O  Q_ 
COCO 

—  LU 

*sCC£ 
Q_  O 
SO 
O 

O-sC 


154 


COMPARISON  OF  1/10  SCALE  WITH  A  CORRESPONDING  1/3  SCALE  TEST  SLAB 
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1/10  SCALE,  ROUND  8,  STRENGTHENED  SLAB  3 
0.83  LB.  HE  Z  :  0.5 

COMPARISON  OF  1/10  SCALE  SLAB  TESTS  KITH 
CORRESPONDING  1/3  SCALE  TEST  RESULTS 
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FIGURE  67A 

1/10  SCALE  ROUND  17,  STRENGTHENED  SLAB  4 
0.81  LB.  HE  Z  :  0.5 

TESTED  AS  SIDE  WALL  OF  CUBICLE 
COMPARISON  OF  1/10  SCALE  SLAB  TESTS  WITH 
CORRESPONDING  1/3  SCALE  TEST  RESULTS 
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FIGURE  67B 

1/3  SCALE,  ROUND  7, STRENGTHENED  SLAB  14 
30  LBS.  HE  Z  =  0.5 

TESTED  AS  BACK  WALL  OF  CUBICLE 
COMPARISON  OF  1/10  SCALE  SLAB  TESTS  WITH 
CORRESPONDING  1/3  SCALE  TEST  RESULTS 
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FIGURE  69A 

ROUND  15,  COMPOSITE  SLAB  2 
w  _  R  HE  Z  =  0.5 
COMPARISON  OF  1/10  SCALE  SLAB  TESTS  WITH 
CORRESPONDING  1/3  SCALE  TEbT  REbULTo 


1/10  SCALE, 

0.81  LB. 
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FIGURE  39B 

1/3  SCALE,  ROUND  16-1,  COMPOSITE  SLAB  5 
30  LBS  HE  Z  -  0  5 

COMPARISON  OF  1/10  SCALE  SLAB  fESTS  WITH 
CORRESPONDING  1/3  SCALE  TEST  RESULTS 


FIGURE  70A 

1/10  SCALE,  ROUND  14,  COMPOSITE  SLAB  3 
0.80  LB.  HE  Z  =  0.40 
COMPARISON  OF  1/10  SCALE  SLAB  TEST  WITH 
CORRESPONDING  1/3  SCALE  TEST  RESULTS 
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i/9  0OA,r  ^..FIGURE  70B 

1/3  SSSLm^R0^D  18"1»  COMPOS  1 TE  SLAB  6 
SO  LBS.  hE  2  =  0  40 

.TESTED  AS  BACK  WALL  OF  CUBI*CLE 

COMPARISON  OF  1/10  SCALE  SLAB  TEST  WITH 

CORRESPONDING  1/3  SCALE  TEST  RESULTS 
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REINFORCING  PATTERNS  FOR  TEST  BAY 
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ATTACHMENT  OF  WAIL  TO  FLOOR  SLAB  AND  PEDESTAL.  FILLETS  AND  STIRRUPS  FOR  FULL  DEVELOPMENT  OF  TENSION 

REINFORCEMENT 


TEST  SET-UP  1/5  SCALE  BAY  C1#HI  „  „  TEST  SET-UP  1/10  SCALE  BAY 

rlGJtfc.  77 


SCALED  BAY  TESTS  ROUND  1  (2.000  L33.  HE  EQUIVALENT) 
DONOR  SIDE 


FIGURE  73 

INSIDE  VIEW  OF  SCALED  3 AY  STRUCTURE 


SCALED  BAY  TESTS  ROUND  1  (2.000  LBS.  HE  EQUIVALENT) 


fr 


SCALED  LAY  TESTS  ROUND  2  (3.000  LBS.  HE  EQUIVALENT) 
CONOR  SIDE 
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FIGURE  SO 

INSIDE  VIEW  OF  SCALED  BAY  STRUCTURE 


SCALED  BAY  TESTS  ROUND  2  (3,000  LBS.  HE  EQUIVALENT) 
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1/5  SCALE  BAY  2  a  0.688  V  a  24  LBS.  FISUitt  61  1/10  SCALE  BAY  1  *  °-675  w  =  3-24  LBS- 

OUTSIDE  VI Eli  OF  SCALED  BAY  ST.iUCTUiiE 
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litollE  VIEW  OF  oCALEl*  6AY  3TKUCTU..E 


SCALED  BAY  TESTS  ROUND  3  (5,000  LBS.  HE  EQUIVALENT) 
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FIGURE  85 

ONE- THIRD  SCALE  MODIFIED  C-13  CUBICLE 
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1.  ALLWALLC  V  THICK 

2.  ’WALL  HEIGHT  -  *' 

3.  NO  PLYWOOD  WALL  FORMS 

4 .  BLAST  PRESSURE  GAUGES  IN 

ALU  DONOR  AMD  ACCEPTOR  CELLS. 


A -ACCEPTOR 
X>-  DONOR 


FIGURE  83 

IGLOO  COMPARTMENT  LAYOUT 
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DONOR 


ACCEPTOR 


Layout:  For  Acceptor  Sensitivity  Evaluation 

"D"  Will  Be  Varied  From  Test  To  Test  To  Produce  The  Desired 
Overpressure  At  The  Acceptor. 


FIGURE  92 
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DUMMY  ACCEPTOR 
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GAGE  MOUNT 


.  ..  r 

>> 

) 

r6> 


TOP  VIEW 


Gage  Placement  For  Acceptor  Sensitivity 
Test  Calculation. 


FIGURE  93 


CUBICLE  PARAMETERS 


TYPICAL  IMPULSE  LOAD  CURVES 
(CANTILEVER  WALL) 
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TYPICAL  IMPULSE  LOAD  CURVES 
(SIDE  WALL) 


TYPICAL  IMPULSE  LOAD  CURVES 
(BACK  WALL) 
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